alternational Atomic Weights 


> 

Element 

Sym¬ 

bol 

Atomic 

number 

Atomic 
weight ! 

Element 

i ^ 

& 

Atomic 

number 

Atomic 

weight 

Actinium. 

# * # • ft a • 

Ac 

89 

227 

k 

Molybdenum. .. . 

Mo 

42 1 

95 . 95 

Aluminum 

* * « i * » * 1 

Al 

13 j 

26.97 

Neod\ mium. 

V 

Nd 

60 

14-4.27 

Americium. 

Antimony. 

Argon . 

Am i 

Sb j 
A 

95 

51 

18 

1 (241) 
121.76 

39 . 944 

Neon .: 

Neptunium . 

Nickel . 

Ne 

Np 

Ni | 

10 

93 

28 

20.183 

j 58.69 

Arsenic . . . 

• * 9*9 * 

As 

33 

74. 91 

Niobium . 

Nb 1 

41 

92.91 

Astatine. . 

*»•*•** 

At 

85 

(211) 

Nitrogen . 

N 

7 

11.008 

Barium. . . 

• 9 9 9 ** 

Ba 

56 

137.36 

Osmium. 

Os 

76 

190 . 2 

Berkelium 

* 

Bk 

97 1 

(243) 

9.013 
209.00 

Oxygen.. 

o 

8 

16.0000 

Beryllium. 

9 * 9 9 • 9 

Be 

4 

Palladium. 

Pd 

46 ; 

106.7 

Bismuth. . 

§ 

9 9 9 9 9* 

Bi 

83 

Phosphorus. 

p 

15 

30.98 

Boron.... 

* • * * * * * 

B 

5 

I 10.82 i 

Platinum........ 

Pt 

78 

195.23 

Bromine. . 

9 9 9 9 9 9 

Br 

35 . 

79.916 

I ’lutonium. 

Pu 

9 If 

(239) 

Cadmium. 

m 9 9 9 9 * 

Cd 

48 

112.41 

Polonium. 

Po 

i 84 

210 

Calcium.. 

A 

Ca 

20 ! 

40.08 

i ’otassium. 

Praseodymium. . 
Promethium. 

K 

19 

j 39.096 

Californium . 

Carbon. . 

Cf 

C 

98 

6 

(244) i 

12.010 

Pr 

Pm 

59 

61 

140.92 

(147) 

Cerium. . . 


I Ce 

58 

140.13 

Protactinium. . . . 

Pa 

91 i 

231 

Cesium . . . 

****** 

1 Cs 

55 

132.91 

Radium . 

Ra 

88 

226.05 

Chlorine. . 


Cl 

17 

35.457 

Radon .. 

Rn 

86 , 


Chromium 
Cobalt 
Columbiui 
Niobiun 
Conner . . . 

L 9 9 9 9 9-9 

•99*999 

n (see 

i) 

* * * * * 

Cr 

Co 

■ Cu 

24 

27 

29 

52.01 

58.94 

63.54 ! 

Rhenium . 

Rhodium. .. 

Rubidium . 

Ruthenium . 

Samarium. ...... 

Re 
Rh 
Rb 
Ru 
■ Sm 

75 

45 

37 

1 44 

- 62 

186.31 
! 102.91 
85.48 
101.7 
150..13 

Curium. . . 


Cm 

96 

(242) 

, Scandium . 

Sc 

21 

45 . J 1 1 

Dysprosium . 

Erbium_ 

Dy 

Er 

' 66 
■ 68 

162.46 

167.2 

Selenium . 

Silicon . 

Se 

Si 

j 34 

14 

78.96 

28.06 

Europium 

*#»***♦ 

Eii 

63 

152.0 1 

i Silver .. 

Ag | 

47 

107.880 

Fluorine. . 

****** * 

F i 

9 

19.00 

j Sodium .. J 

Na 

11 

i 22.997 

Francium 

Gadoliniui 

1 wallin m 


1 Fr j 

Gd 

Ga 

87 

64 I 

31 

(223) 

156.9 ' 

Strontium .. 

| Sulfur .. 

Sr 

s 

: 38 

16 

87.63 

32 . 066 


69.72 

Tantalum . 

Ta 

73 

180.88 

Germanium . 

Cnltl_ _ 

Ce 

Au 

32 

79 

| 72.60 

197.2 

Technetium. 

Tellurium. 

Tc 

Te 

43 

52 

(99) 

127.61 

Hafnium. 

HT p i in m 

**•••*• 

Hf 

He 

72 

*> 

178.6 

4.003 

Terbium. 

1 Thallium. 

t Tb 

T1 

65 ' 
81 

I 159.2 
204.39 

JL X aT-AA LA ■ -I A • * 

Holmium. 

Hydrogen 

• <*•*** 

Ho 

67 

164.94 

r pi * 

! borium. 

Th 

90 

j 232.12 


1 H 

I 

1.0080 

; 

Thulium. 

I'm 

69 

169.4 

Indium. . 

* »*■*•• 

In 

49 

114.76 i 

1 r r m 

Jk 111 

; Sn 

50 

118.70 

Iodine.. . 

* * * * * » # 

I 

53 

126.92 

Titanium. 

Ti 

22 

j 47.90 

Iridium.. 

* *••••• 

: Ir 

77 

193.1 

■ T ungsten .. 

w 

74 

[ 133.92 

Iron . 


Fe 

26 

55 . 85 • 

L ra nium . 

U 

■ 92 

! 238.07 

Krypton. 
Lanthanui 
Lead . 


Kr 

! a 

Pb 

36 

57 

82 

83 . 7 
133.92 
207.21 

\ anadium . 

Wolfram (see 
|i Tungsten) 

v ! 

23 

| 50.95 

Lithium. . 

* * * * * * * 

Li 

3 

6.910 

1 Xenon . 

Xe 

54 

s 131.3 

Lutetium. 

* « # • 9 # * 

Lu 

! 71 

174.99 

Ytterbium . 

Yb 

70 

| 173.04 

Magnesium . 

: M g 

! 12 

24.32 

Yttrium . i 

Y 

j 39 ! 

88.92 

Manganese . 

Mercury. ... 

i Mn 
Hg 

25 

80 

54.93 
200.61 

u i nc...*.«»*»*.- 

Zirconium. 

Zn 

1 ^ r 

30 | 

40 J 

6 o. 38 
91.22 


Numbers in parentheses are for mass number of most stable known isotope. 
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Perhaps the most valuable result OF 
all education is the ability to make vour- 

V % 

self do the tiling you have to do, when 

it ought to be done, whether \ou lik<* it 

or not: it is the first lesson that ought to 

be learned; and however early a man's 

% ■ 

training begins, it is probably the last 
lesson that In* learns thoroughly. 

Thomas I lean,’ Harley 

•r 4, 
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PREFACE 


or tho-r t, a, hers who favor the trend toward greater emphasis on 

Biiwiw tlllll principles in the elementary course in chemistry, the 

preaent volume should constitute a distinct improvement over the 

jeecmd edit ion of this book. In a broad sense, the changes ,ha, have- 

bee11 made dunng t lie preparation of the pW.it edition are such as to 

pr.oic a more f£**r<>us course of stuck u it particular emphasis upon 
the- c|uamitative aspects of the subject. h 

Lxt. uM\e reorganization of order of presentation of much of the 
tiVil' . d “ ill,a ' i '" 1 °hnprnveineut in instrur- 

‘ * "“■ |h ' ,ds a'l.j 11,. ^ licdnBngof the related laboratory work 
Md. r.'"l’".V r b *''" " mde - fo"o"injr are eon- 

; " ,aJ,,r ,n,p, : rU ""' : The sul 'i"" -otter relating to 

m J, rjT ,W - r -rfier. although the ,on-elating 

been ... revival and ' , ", ato "'" wei -'"s have 

btr.aim ed earl'a and eive .' ' < *®“ cal equivalence is 

z:;z 0 z u r' i tb r ia .■» tSrSe zz 

The ^ i.'iii ( lias bee » extensively modified. 

— ... * 35 m£*Z'l t* 

Here unavoidable at the time ft..* the rest " ctlo » that 

minor change* have b. .-ii in r ', ,M . ^dion was written. Only 

k*r*. in, bid. , those Oou. t rm^wdUi i'" 0 ^ Tiptive d,a P- 

With bn, v^*v t. . w,th organic chemistry, 

rhapter, have £ *>* 

>>P« of ca), ulations are oonli^t~aJ **?%**■. The various 

(ions that otherwise deal largc-k , 

'•liidi*e the sections on organic 

“PM^SlSioi Zttm'bS iM t,le fonn of -any 

institutions who have used the second ^7" eachers in other 

he second wiition of this book. Simile 
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contributions have also been made by Professors P. S. Bailey, J. R. 
Dice, F. H. Field, L. 0 . Morgan, R. M. Roberts, and R. C. Thompson, 
of this university, and Professor S. H. Lee of the LTniversity of Okla¬ 
homa. Special thanks are due Professor Norman Hackerman, who 
has given generously of his time in reading much of the manuscript 
and who lias offered many constructive suggestions. 

\\ ILLIAM A. FELSING 

George W. Watt 

Austin, Tex. 

March, 1951 
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CHAPTER 1 

FORMS OF MATTER 

The present state of development of the physical and K.* 1 • 1 

sciences is the result of man's effort to JS the lit 

■n these specialized fields of knowledge constitutes ^ TOgress 

civihzation. Conseauentlv f ^ i 1 “ Creasmg complexity of modern 
of these fields of human endea V °T 1 ^ ° T at ! CaSt an a PP re ciation, 

intelligent member of modern society a ^ SSential Possession of any 
in this book is an effort at thT , T - C ° UrSe of stud y outlined 
aspects of the science of chemistry itsmAfh^ ° f C6rtain . fundam ental 

aims. y ’ methods, accomplishments, and 

Among the experimental sciences chemistrv • 

unique position. Their snhere nf i,,n " ■ P 1 ' M( ' a occupy a 

physical sciences and exerts far reachimfrfl Gmbraces a11 of the other 

and even the social The tezIilT ™™ the bUa ^ 

knowledge of chemistry has promoted * “ lcreas mg importance of a 

greater and greater emphasis^Doift^ / du . cators to require 

medical curricula as well as in medical schc^ V^h th^ in pre " 

different degrees, the various phases of P • bactenol °gy> etc. In 
ture, etc., present problems geolog y> agncul- 

‘be basis of at leasf a Vantage on 

1. - .ature and Scope of the Science of Chemistry 

with which is ~ d 

■natter undergoes. All objects in the ' ose tra,Kfo ™at i ons which 

subjects upon which the interests of ThT', ™™' 8e "• citable 

Chemistry deals also with energy since rt! cbenust . ma y be focused. 

accompanied by energy changef’ SmCG transforma tions of matter are 

bought of : S S has come to be 

- be agnized, howeyfr, that 
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arbitrary and somewhat artificial. Inorganic chemistry is concerned 
with substances that have their origin in or are commonly associated 
with the mineral world, e.g., rocks, ores, the soil, the constituents of 
the atmosphere, etc. Organic chemistry is usually defined as the chem¬ 
istry of substances that contain carbon, but this designation is not an 
altogether satisfactory one. Analytical chemistry deals with the 
methods by means of which the chemist can determine the composition 
of the various forms of matter, whether inorganic or organic. Physical 
chemistry is concerned with line various principles, laws, and theories 
that enable the chemist to interpret and explain the results of experi¬ 
ments and observations. By virtue of the very nature of its subject 
matter, physical chemistry becomes an essential part of each of the 
oilier branches of chemistry. Each of the four branches referred to 
above may be and frequently is subdivided further, but since all of 
these arbitrary subdivisions overlap one another and are so interde¬ 
pendent, it is preferable that the science of chemistry be thought of as 

a composite whole. 

1.2. The Methodi of Science 

It must be recognized at the outset that chemistry is based upon 
experiment. In solving the many problems with which the chemist is 
faced, a fairly well-defined plan of attack is usually followed. The 
first step involves experimentation in the laboratory and the systematic 
recording of observations and experimental data. Following this col- 
lectiiig of information, tin- chemist must organize the results of his 
experiments and examine them with a view to discovering any general 
relationships, principles, or laws in terms of which the observed 
phenomena may be described. Next, an effort is made to devise suit¬ 
able theories by means of which the observed facts may be explained 
satisfactorily. Finally, these theories are applied in the prediction of 
the behavior of substances not previously studied. Here the objective 
is the expansion of knowledge and substantiation or disproo o l 
validity of theories. Such theories are of value not only because they 
serve in the explanation and understanding of known facts but also 
because theories frequently suggest lines of investigation that lead to 

the discovery of new truths. 

1.3. Classification of Matter According to Physical State 


Because the science of chemistry is concerned, with matter in all o 
its multitude of different forms, simplification for purposes of study 
requires that every effort be made to organize and classify the materials 
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involved. Initial efforts at classification may achieve only a toss 
segregation of matter into broad types, each of which upon further 

T ve .r° ^ dlvlded further into numerous subtypes. Two 
Everyone is aware of the fact that water, which is orX^ilv a 

hquid. may also exist in the form of a gas (steam) or as a «hd(iL 
Since many other substances are capable of existing in all three of 

l 'ir„: TZT U a ' ld 811 k "°'™ - matter eZ in a" 

three XJ afsttr V*° **<>"“"* the 

this and in subset/" “* amUmi dsewhere ia 

1.4. Classification of Matter According to Composition 

A somewhat more involved but nevertheless Iw f„i t 
matter may be m ule tor r 1 . less uselul classification of 

classified und„ one of he three°b Any »ay be 

This das^a Hon is' hrno^ C ° mp0 ‘ mi ’ « 

physical state. This fact he™™*. S ° fflmp e as that based on 

matter in all the physical staff ^ &Pparent w ^ en one realizes that 

groupings according to composition Ber., ,1' n V° 6 

encountered in the study of chemistry are dassiTmd (I a- materials 
position) as elements, compounds nnd , JJr • • (accordln & to corn- 

characteristics of each and the distinct’ * UrGS ’ *** S essentiaI tha t the 

detail. 5 tq "‘ " tly ' each “ considered here in some 

j!J j®*® student who would lpar.i rxf i •' ' 

that the study of a science involves m “ St appreciate the fact 

as are encountered in the study of l l me «sure, the same tasks 

-ad, write, or speak a foreign language S 8 ',' f V Cann ° l hope « 

quate vocabulary; neither can one nfn ' * ? St ac q“>ring an ade- 

arthout learning the vocablT'hat nZ'," ' S " ,dy ° f a science 

and think in terms of the lan<niat>e of ° ne to speak fluently 

the beginning. therefore, the student .“T®’- From 

related term, mS e '“ ploy<!d and to distinctions between 

1.5. Elements 

jato^tVa^etTtoeXgle^t^' 6 Tt *. Studiad “ ‘he labo- 
* ,s found b >— 


4 


GENERAL CHEMISTRY 


[Chap. • 


posed into two simpler substances. (>ne o! I lie products of this decom¬ 
position is a greenish-yellow gas known as chlorine; the other is a soil 
metallic solid known as sodium. The object of the experiment has 
been realized since it has been demonstrated that table salt is com¬ 
posed of two simple substances. Further experiments must now bo 
performed to determine whether the sodium, the chlorine, or both can 
be decomposed still further. It is found that such is not possible by 
any ordinary means. Another approach to this pml.l. m lies m the 
chance that, even though it is not possible to decompose sodium or 
chlorine, one might hope to produce sodium or chh.rmc b> bringing 
together other materials of a more elementary character. Here again, 
all efforts would be met by failure. The inescapable conclusion, t lere- 
fore, is that sodium and chlorine must be of elemental nature, i.e., they 
must be substances that should be classified as elements. An element 
is a substance that cannot by any ordinary means be built up 

from or decomposed into simpler substances. 

The Number and Kinds of Elements. At the middle of the 
eighteenth century only about 17 elements were definitely knoun, but 
by 1890 the number was increased to about 70. At presen 
tity of 98 elements is firmly established. The question as to the^maxi¬ 
mum possible number of elements has been and continues to be the 

object of much speculation. , , nl , 

Elements may be classed, roughly, into two groups: me 
nonmelals. The nonmetals constitute more than one-half of th 
height of the earth’s crust and include such substances as oxygen 

sulfur, carbon, nitrogen, and chlorine. Among the 

earth’s crust are such common matenals as u-on, lead, ’ 

aluminum, silver, and gold. Only about one-half of the k 1 

menu are usually encountered by the chemist m lus 

does he see or work with the others. The earth s c rust tog eth°r with 

the sea and the atmosphere is composed large yo -eu . 

silicon, aluminum, iron, calcium, magnesium, sodium, P ol ; l f’’ u ’ 
hydrogen, titanium, carbon, and chlorine. 01 these, oxygen is y 

I he most abundant. 

1.5. Properties ot Substances 

If one should be asked to identify two automobiles made fo d iff””" 
manufacturers, t he dislindion lad ween the two could probably be 
made readily in terms of gross differences in appearance However, 
If it became necessary to identify two different make. <rf 
produced by the same manufacturer, these two might 
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a more careiul examination would he reaufred t,, 

enous f mi T - S3 

of recognizing 

tain characteristics which are usually called nroLrfts ^,, T 
nary window fflas.s hn« n^r+oirs n j N , properties. Ilius, ordi- 

transparency, and ease of fr eto t], Pr0pCrti f such as hardness, 
evident properties such „ ^^orf^T *£•* ba ™« -*■ 

a substance are those atf rit,, t ’ taste ‘ The properties of 

—- —°ci oe 

1*7* Compounds 

™^^^t lf Ifflc n u1,y ad iTSS by wl V ch ‘hey may be 

there is produced a new substance l la • d fur . are heate d together, 

ferent from those of lead or sulfur. ThriiXllnh- 11 "!, VCTy 
IS known as lead sulfide and is a comnnnJp * • f thlS chemicai union 

and sulfur. The following conclusions maykTawn^ Iead 

experiment: (1) the union of two simole Jh c f T , * thls slra P le 
m the formation of a more complex substan (eIements ) ^suited 

entering into chemical union the characte r^ COmpound ) >* (2) upon 
elements disappeared, and a new ^h t i Parties of the two 
< lunacteristic properties was produced^ ° Wn Set of 

of the term compound. * t Satisfa ^ry definition 

two or more elements. The nro .7 t- Sub ® tance form ed from 

different from those of its cons tit.,^7 ° f 3 compoui »d are 
Synthesis and Analysis °°” Stltuent elements. 

substances by the union of two °\ producin S m °re complex 

r +* Thus, the synthesis of SUbstances “ known as 

u mon of lead and sulfur. Similarl v the **" * S accom Phshed by the 

may be synthesized by the combination of a ? mpound known as water 
oxygen. The use of the term synthesis is n't 6 eme . nts hydrogen and 
involving the union of elements but is also reS ,‘ ri ? ted ‘° ‘he cases 
example, to the union of two or ml applled commonly, for 

more complex compound. ° com Pounds to form another 

SUbs ‘r e fOT the »-PO« of deter 

-ender wishes the chemist Z e*at Z? t f »r analysis, th 

" for the purpose of finding out 
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what it contains. If the analysis is made only lor the purpose ol 
determining the identity of the substances involved, the analysis is 
said to be qualitative. Thus a qualitative analysis of an iron ore might 
show that the ore consists of iron and oxygen. The analysis might, 
however, be so conducted as to yield information as to the quantities 
of iron and oxygen present in the ore; such an analysis is termed a 
quantitative analysis and might supply the information, for example, 
that the ore contains 69.6 per cent of iron and 30. I i »'i‘ cent of oxygen. 

1.8. Law of Definite Proportions 

The simple fact that a chemical compound consists of two or more 
elements provides no information as to the quantities of the elements 
concerned. Suppose that samples of table salt, which is a compound 
known as sodium chloride , are obtained from various parts of the world 
and purified in order to make certain that every sample is entirely 
free of impurities. If one of these samples, weighing L lb., is sub¬ 
jected to a quantitative chemical analysis, it is found that the l lb. 
of sodium chloride consists of 0.3934 lb. of sodium and 0.60OO Ik ol 
chlorine. The analysis of another sample of pure sodium chloride 
from an entirely different source would lead to exactly the same result. 
Finally after all the samples are analyzed, it is found that the results 
are identical, or as nearly so as the accuracy of the experimental method 
permits. After similar experiments using a wide variety of pure com¬ 
pounds, the conclusions drawn from this experience may be sum¬ 
marized in an expression known as the law of definite proportions or 
sometimes as the law of constant composition: The composition ot a 
pure compound is always precisely the 

1.9. Physic al and Chemical Changes 

The transformations of matter referred to in the preceding para¬ 
graphs fall into I wo distinct classes. The melting of solid ice and the 
formation of ice from liquid water arc examples of physical change. 
is a wdl-known fact that a bar of steel may be magnetized and may 
thereafter behave as a magnet for an indefinite period of tune. I Ins 
also is an example of a physical change. It is of importance to recog¬ 
nize that the chemical composition ol the bar of steel was no 
in the process of magnetization; neither did any change mcompo 
result from the transformation of solid water to liquu wa ti. 
physical change may be defined as a transformation oLm^cr 
which may be accomplished without change in c lei 


composition 
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The physical changes that occur when heat is annlied . 

represented as follows: applied to ice may be 

Ice (aoiid) -> water (IiQUid) -> steam WuUB> 

Although most solids, when hpatpH mi5 ii 4 1 • . ] . , 

application of heat are converter) to ' . ! |UU S ' " " cl1 upon further 

that this sequence of changes of rtatf Surs'i.fall ca'ses' 0 "''' " 0t ^ 

££% IZt: " hea * ed ’ «“ Ranged 

H[ Iodi,,e '““> -» ^ine, 

hat is, the iodine is nonvprtori t .1 
state with^.t r * » concerted to the gaseous 
state withou first melting to a liquid. Tliis mav 

be demonstrated readily with the simple apparatul 

bm ton, r t£' h r odlne 18 P laced in the 

» Uh .ce water is placed over the top of thTbXr 
bpon application of heat to the bottom of the 

•he cold undersurface of ^he dhh T?'^ 



^7?' }' Sublimation 

of iodine. 


change in wh »Vh o yMaj,ine ^dme. Such u ‘ ,oame ‘ 

by direct condensation of the v J Tn ,t T. J ap ° r state flowed 
sublimation. Common physical chn !' S °, l< sta,e ls hnown as 

terms employed in speaking of thesHhanf ' " ith dewri P‘ i «> 
1 able 1. 8 nese changes are summarized i,. 


Changes 
Soli i fo liquid 
Liquid to gas 


TABLE 1 
Changes in Stato 

Deseriptiv e Terms 
. Melting (fusion) 

Boiling (vaporization, volatilization 

Gas to liquid. . eva Po™tio n ) 

Liquid to solid _ ( Tuefaction (condensation) 

Solid to gas . Freezing (solidification, ' 

Solid to ras to Bni;a. ?'.T 5 ™ l '°“ 

sublimation 


. summation 

The decomposition of table salt t.o i 
Another change which mav be effected e-Wl" - f™* to Previously, 

ordinary' cane sugar. If white l!* 18 the decomposition of 

caramelizes and upon further heatin,! I f**” " e hea ‘cd, the sugar 
wh er. BmI h of tbekSe transformaUonf into ^^nTnd 
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deep-seated changes than were encountered in simple physical changes. 
Both the table salt and the sugar have been destroyed as such an< have 
been replaced by substances of different properties and different 
chemical composition. A similar situation was encountered as the 
result of the formation of lead sulfide by the union of lead and sulfur. 
Changes in which one or more substances unite, or are decom¬ 
posed, to form one or more substances having new prop, ri sc ¬ 
are called chemical changes, or chemical reactions . A chemical r 
physical) change is always accompanied by an energy change. 



1.10. Law of Indestructibility of Matter 

j -jy taking advantage of the possibility of determining the u tights 
>f materials that undergo physical or chemical change, it becomes 

possible to arrive at a generalization ol funda- 
mental importance. Suppose that a sample of 
m ice weighing exactly 1 lb. is melted under such 

conditions that none of the resulting liquid 
water is lost. If the water formed is weighed 
accurately, it is found that from exactly 1 lb. 
of ice there was produced exactly 1 lb. of water. 
By an extension of this experiment it could be 
,roved that from 1 lb. of water there may be 
produced 1 lb. of steam. It now becomes of 
interest to inquire as to whether a similar result 
is obtained from t he study of a chemical change. 

Fig. 2. Simple demon- The answer to this question may be found 
stration of the law of jyy ^ very simple experiment. Into a flask (Fig. 
indestructibility <»i 2 ) containing a solution of a compound known 

as potassium chromate, there is placed a test 
tube containing a solution of another chemical compound called lead 
nitrate. The top of the test tube rests against the upper wall ol the 
flask so that the two solutions are not mixed. The flask is then fitted 
with a tight rubber stopper and the entire assembly weighed accurate >. 
When, without removing the stopper, the flask is inverted so that t W 
two solutions are mixed, there occurs a chemical change m winch 
yellow solid lead chromate is produced. For present purposes, tins 

change may be represented as follows: 

Potassium chromate + lead nitrate -> lead chromate 

(dissolved) (dissolved) (solid) 

II^UJpm|P|FT llBi \i | + potassium nitrate 

l , * ; % * .; - (dissolved) 














Sec111J FORMS OF MATTER $ 

If the w eight of the flask and its contents is now determined with 

th * - - * ^ 

° h r S h ™ S fact " the basis of the '» of 

«M* of ordinary ph lica'i al.dcZ Tn “ f0 “ 0WS: The OCCUr - 

■n any change in the total weight of the material™^! 

1.IJ. Mixtures 

When two substances are brought, tnwtha. j 

combine to form a compound. Fot exam^'in d fr me f” a ^f 
of sulfur tire mixed at ordiimrv + P ’ lron 1 m £ s an< i lumps 

does not occur. Such tempe f atures ’ «*■*»* combination 

component parts of the mixti ir^ ** S ^u ^terogeneous, since the 

eye. Obviously it wo„ d t *2 * Asti ^ abed h * the unaided 
this mixture merely by pickimrlTTth ^ S jf parate the components of 
If. however, this mixture is ^^^7 fS?* 

components become so intimately mixed that^he in,? ft the two 

said to be homogeneous.' If a ho « l ^ COndltlons ’ the mixture is 

homogeneous mixture the powdered ^ magnet ls drawn through this 
".ague, w hile “ ““ th * 

may be separated by repeated use of the rnLetV T a " d Sulfur 

that the components of a mixture may be senaratcA "'^ *? eoncIuded 
cal means. y separated by purely mechani- 

Distmction between Mixtures r 
geneous or heterogeneous mixture of iron anT?,°if Ud *’ , If a homo ' 
unite to form a compound known as iron heated ’ they 

parts of this or any other compound cannot h ml ^ lde ’ The component 
forceps, magnets, or any other nnrel separated by the use of 

hy decomposition which^n vol ves^hemicTr methods - Only 

sulfur be separated and ^ Can the "on and 

fluently, the mixtures and comp oun d dftF ***** C °™~ 

mature that appears toThVun f0r the 1186 of this term A 

™ wed “" dw * "•icroLrr um ye T ** ^ 

<»-M <■ this book implies 1 £Z2^ ****’ ‘be 
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compound can be separated into its 
chemical methods. 


constituents only by tin* use oi 


1.12. Atomic Theory 

Having recognized that the chemical elements represen I relatively 
simple units of matter, one is led to inquire into the exact nature ol 
these elemental substances. Historically, the concept that all matter 
is composed of small discrete particles dates back to the Greek philoso¬ 
phers who lived several centuries before < 'hrist. Their ideas were not 


Fig. 



jfofc..-*;- .z&Jk+L-. *^* im ±**> *>* * - i imM'hm Si 

3. John Dalton (1766—1844). 


Courtesy of the Franklin Institute.'! 


based upon any experimental evidence since they believed cxpeiimeii 
tation to be beneath their dignity. Nevertheless these 
particulate character of matter persisted down through the centuries 

English chemist John Dalton (Fig. 3), in an effort to ^Pla.nsuch 
fundamental laws as the law of indestructibility of ^ ' 

extent of presenting a rather complete picture as to how he beheved 
chemical combination occurred. This theory, which has come to be 
known as Dalton's atomic theory, embraced many erroneous id! 
have long since been discarded. The essential and useful leatures 
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as follow^ ,nodified »«y be summarized 

1. Each element is made up of small purl ides called atoms. 

. The atoms of a given element have the same weight and are 
identical in every respect. 

weight * 0 " 13 ° f different elem ‘'" tS “ rP d “ faBil1 "' '"■<.. dUfewnt 

4. During chemical or physical change, alums arc . subdivided 

5. Atoms have the ability to fl - 

iIIi.mT oilier like or unlike atoms 

and to hold them in chemical 
combination. 

6. Two or more atoms unite to 
lorm particles known as molecules. 

i . Atoms combine in simp le whole- 

number ratios, and for any pure sub¬ 
stance the ratio is always the same. 

8. Atoms of ! wo different elernen * 

may combine in more than one ratio 
to form different compounds. 

In Dalton s time so little was 
known about the relative weights of 
the atoms of the different elements 
lll; " ’b® theory failed to receive the 

recognition that it merited. The 

true value of Dalton’s views did not 
become apparent until 1860 when 
the Italian chemist < ’annizzaro (Fig. 

) suggested a clear procedure b\ ., 

means of which numerical values Vo, • tk* , ,• 
might be assigned. At the present time d h h* at0,ns 

cognizant of the significance of Dalton's ca lf 

above must be accepted onlv aft . . J ( as outlined 

Several such modifications become aZrmX?" " ,0d . . 

chapters. PParcnt or are pointed out in later 

Atoms and Molecules. In | lt . l.vm n n • . 

may be defined as the smallest par",iole of ane, " ^7' “ a,u "' 
taking part in a chemical reaction If , , e,ement capable of 
cules of a compound are produced. For, • U,l | l,k '' ll,oms unite, rooks 

y rogen combine with atoms of the element »v atoms of ,he element 

ne eUir,ent «xygen and form „ lo le- 



5?* 4 Cannizzaro (1826- 

10). i l.ourlexx of Th, L'di/ur Fobs 
Smith Memorial Collection m Ihe His- 

for v cj Chcrri is/rv T7, i - 1 

p', ri , . •' 1 hi < nirtrsify of 

Ptnn&yboan la ) J 
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cules of the compound known as water. The union of two or more 
atoms of the same kind, however, results in the formation of molecules 
of the element concerned. Thus, 2 atoms of the element oxygen unite 
to form a molecule of the element oxygen. The molecules of most of 
the elemental gases such as oxygen, hydrogen, nitrogen, and chlorine 

stain 2 atoms under ordinary conditions. The molecule of the ele¬ 
ment sulfur may contain 2, 4, 6, or 8 atoms; that o; phosphorus usually 
4, arsenic 4, etc. A molecule is defined as the smallest unit of 
matter capable of a separate distinct physical existence. On 
the basis of this none too satisfactory definition, the terms atom and 
molecule in some cases are synonymous. The atoms of the inert gases 
of the atmosphere (helium, neon, argon, krypton, and xenon> do not 
combine to form molecules. Accordingly, the atom of helium is the 
smallest particle of helium capable of a separate physical existence and 
hence fjualiltes under the above definition of a molecule. Similarly, 
most of the metals are usually considered as elements which consist of 
single atoms rather than molecules containing two or more atoms. 

GENERAL EXERCISES 

1. Define the following terms: (a) element, ( b ) compound, ( c ) sublimation, 

(d) atom, ( e ) molecule. . 

2. Distinguish between the following terms: (a) compound and mixture, (o) 

synthesis and analysis, (c) qualitative and quantitative analysis, (d) chemical and 
physical change, (e) homogeneous and heterogeneous mixtures, /) molecules of an 

element and molecules of a compound. 

3. State the law' of indestructibility of matter. 

4. State the law of definite proportions. 

5. Cite two bases upon which matter may be classified. 

6. Outline the essential features of Dalton’s atomic theory. 

7. Explain what is meant by the properties of a chemical substance. 
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CHAPTER 2 

WEIGHT RELATIONSHIPS 


Any real appreciation of the nature of chemical change can come 
only from a knowledge of the quantities of the various forms of matter 
involved. The law of indestructibility of matter could not have been 

established as a valid generalization had not the French chemist 

Lavoisier (Fig. 5) devised a sensi¬ 
tive balance and through its use 
proved that matter is neither 
created nor destroyed when chemi¬ 
cal changes occur. Although done 
with equipment that was crude by 
comparison with that in common 

use at present (Fig. 6), Lavoisier s 
work represented the beginning of 
a new era. When chemists learned 
to study chemical reactions in 
terms of quantities, chemistry 
passed from the realm of the arts 
into the category of the sciences. 



Fig. 5. Antoine Laurent Lavoisier 
(1743—1794). (Courtesy of The Edgar 

Fahs Smith Memorial Collection in the 
History of Chemistry. The University 
of Pennsylvania .) 


2.1. Measurement of h eight 


With but few exceptions, the 
chemist expresses weight in terms 
o) grains or fractions or multiples 
thereof. This unit of weight, the 

gram, is the weight of a definite volume (1 ml seeSec. 6 5) of water 
at a temperature of 4° on the centigrade scale.' The units most fr 
uuently used in chemical work are listed in Table 2; the relation 
between -rams and pounds is included for comparison. 

The term gram is commonly abbreviated by the letter g*» w _ 
unfortunately is used also by the pharmacist as an a revia ion o 

■ This temperature scale is different (rom the Fahrenheit te ">!* r * t “ re 
used in the home. For an explanation of the centigrade scale and a compa 

of these scales, see Sec. 5.11. 
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Fig. 6. 



A modern chemical balance. ( Court 

sy of Wm. Ainsworth and Sons, In 


another unit of weight the «.**!« c- •, , 

"* * "* — ** -d CiST™ " 

Ir . TABLE 2 

Unit NITS 1)8150 IN ™ E Meas ubement of Weight 

1 gram. w . Designation 

1 milligram. n C *^ 1 * milliliter of water at 4°C. 

• kilogram.’ . . ’' ' ]o«i™a, l „ s OU8 ““ dtl1 of 1 « rom (0.001 g.) 

lp ° U " d . 453.59 grams 




I« ha! tSSS !' LaW ° f Mu “ iple ^oportio 

the law of definite proportions e the e e| edi " 8 chapter *h at . according 

;;;"rund are always^present' ^ “ p «S £ 

* • fiuantitative analysis of water, fo r ^ pro p ^ 1 

’ ur ex ample, shows tK 
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pure water always consists of 8 parts by weight (grams.) of oxygen and 
1.008 parts by weight (grams) of hydrogen. Similarly, the compound 
formed by the union of hydrogen and chlorine is found to contain 

1 008 g. of hydrogen combined with 35.4a< g. ol c i urine. us, in 
the compounds known as water and hydrogen chloride, it is evident 
that perfectly definite quantities of oxygen and cldonne, respee ;v; > 
are in combination with a fixed weight of hydrogen (1.008 g.). It next 
becomes of interest to see in what ratio chlorine and oxygen 
Analysis of the compound called chlorine monoxide leads to the str % 

conclusion that 35.457 g. of chlorine combines with 

The weight relationships in these three compounds may bt summarized 

as follows: 




Element, g 

m 

< Compound 

Oxygen 

j 

Hydrogen ^ 

Chlorine 


8 1 

1.008 

35.45 7 

35. 45 i 

Hydrogen chloride. 

Chlorine monoxide. 

■ * * 

j 8 

1.008 

• * * * * 

__- 


Tf tins procedure is extended to include a much larger number of 
compounds, and if oxygen (or 1.008 g. of hydrogen), 

a consistent relationship is found.m^a^^ ^ 

oxygen, then they are simple integral jijw&f of expressly these 
Such regularity in behavior elemen t so that there will be 

weight relationships in terms . chemically equivalent to each 

as the best possible basis, and the . s „f 

is defined as that weight which combines with e.gn g 

"Ta'dditional example serves also SESto <" 

another complication. The corned hnoun as m^ ^ ^ b> 

Compound cm.tuimng tte am^s percent llitrogt .„. 

analysis to consist of 69.5o per cent ox>ge 
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^ I ui vale 
' ar represents the \ 


° f !*"*“ '>"* ..m.l « fowl w follons 

sought*: 



x 

8 


30.45 

09.55 


69.55t = 8 X 30.45 

8 X 30.15 

mi ’ w ■ - — 

69.55 
= 3.502 

The sitiiali.,,, is M<1| | hj 

•“•“““W of II" .. ,,, P • ' s ••‘•fly IIS II'.' 

"•■•' ' •• -'••••"■..•- unite in diliere,!, " . T fa0t 

°? m P ,H,r,d In addition to iiitr<.» dioride f\ ° "‘T l,m " <,M, ‘ 

Wtro « ; * ( "f ...,„hi lh . , (1 f orrn s ; ** element* 

wi|woMiiiU>tlva of th.- , i. lss .,■ , . . . " r *"ni*"u m<Is that are 

S * n ‘* "t &>* in- |*.| ov / ^ SUl ! S ! a,, | V8 k,,mw ' as o.r,V/,-.v. 

Sr r " 1 Il'eir pontage f „ m _ 

*"?[; M> ! n ,l "- l«s» • "I'Mini th«.n- is i iw .^ Che,ni< al 

:•.. . .... . . . . 

**•'.! weight of an element i-. different | ,iiir " S */ ° l,0e **“•equiva- 

1 nt m different compounds. 



Nitri^eo tlicnidi 
Nit« 


"Kygen. iNitn*,.,,. 1 :,„ u \, w „Vi lK 

"f nitrogen 


C7 

> < 



WO' 



^ r °ni tin* numl**r5 in (ht* l ist ^ 1 - . 

..■tfup.-l, I ,1 wit|| 8 ,l1 ' K ' ^ ,;,r 'lull lllr „r 

"■*“**»'■-"!mohipta. ri™:.':lii'.Tr!;'"' 1 .«- •«• "••• 

rv T * * 3 5 ®2; and 11.008 * 2 X * nm 7?*^ 3.o02; w fiile 

' *' ou,,, l Hus im .-triable nlitioBebin to I M • " , " ' ***** 

; „ ;r * **»“•■•■•' ... i,!),; /" r v, ; r > ""my **•«•- 

* ul "P‘»WBHi'„i. »|,i,.fwi"l."" tl„- law „f 

^®ii% ^it t nii > iit * i • i % 4 * *1 fis rollout* r f^U • * 

me.., T . *."' h co, "l*in« Hill, u ' * . w ««hU of 

° ° rm f lMfcrent n, n)|HM . *^Iil of another ele- 

■he r. lio of uhoI< Bu %-+ — 1o ea ,. h * 
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This same relationship appears m all cases in which t\\o « luil< nis 
combine to form more than one compound. The metalhc eleme, 
chromium, for example, forms three compounds with oxygen. Listed 
below are the percentage compositions of the* compounds and tie 
calculated equivalent weights of chromium. Here again the mterr - 
lationship of the latter numbers is self-evident and strictly in accord- 

ance with the law of multiple proportions. 


Oxide 

Oxygen, 

or 

70 

Chromium, ; 

% 

Equivalent weights 
of chromium 

i) | lromium •' t onoxide. 

Phrmnic OVirlft .* * 

23.52 

31.57 

76.48 
, 68 .43 

26.016 

17.344 

.. 

Chromium trioxide. 

47.99 

52.01 

8.672 


s, is n e X t shown how these facts become useful in i lie establishment 
of the numerical values which are used to represent the relative weights 

of the various kinds of atoms. 

2.3. The Standard for Relative Atomic Weights 

On the basis of the atomic theory and in view of the definition of the 

1 ’ .. ..Wuirntm involves the combination of atoms of those ele¬ 

ments, “if this is a true picture, 

trayed p “ible to know the actual weight, 

in grams, of e ““ ,n . d " ical Nations ’and are so small as to be 
cumbersome for use in ch .. a tract of i an d and was 

practically meaningless. 0 r 5 272 640 sq. in., 

told tnat tne nui lu ,i i_ Tir . w ip f i fV p :) . j n the size ol the 

5*d 1 - u 

meaning. By the same i k weight in grams 

piece of matter that a num er represen t human mind, 

would be so small as to carry no real "Pnfica noe to t h 

For this and other reasons, it is uind 0 f 

arbitrary manner a ELIS* Nation to 

atom and thereafter to express t g calculated in terms of 

Z o" d n, suggests itself as a basis for expressing 
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tts — red> - 'r ever ' that 

.Sts ttJz -- s 

tive to 0 = 8) would be 1.008. The fact* 0 *f * hydrogen atom («*»- 
raolecule contains 2 atoms of hydrogen and*’] ° r COUrSe ' that the water 

as a matter of convcnLJ’ it flT' ^ ret ° re would •» 0.504. Solely 

weights of all kinds of atoms shall hT* * * the va,ues for the relative 

that they be as OT •»** *M» «*r and 

requirements are met best if the numter 16 Ofl’T 8 B °‘ h ° f ‘ heSe 
the weight of the oxygen atom n , n ■ / S chosen to represent 

the hydrogen atom (i. e the atom nftl 1 ^ reIative weight of 

The choice of the dement ££££££* e ‘ ement) * 10 ° 8 - 

ments to form oxides. This mak^c b -m ' nearIy a11 of the ele ~ 

study of the weight ratios in which th^di/ 9 ^7^ experimental 
with the standard element. Otherwise n -Tr” e ements combine 
have to be used. If, for examnle *+ ’ aa mdirect approach would 

with oxygen but did form a compound^^h^ f ° rm any com P°und 
get a value for the relative wStSi ^ then one could 
■ently and perhaps less accuracy) £ relaSV^ ° eSS Con ™- 
ea y correctly established on the basis of O ° u a which is 

Jr T ° m th 7 revi ° Usly Elated values for the = T’ 

trogen and chromium in terms of 8 a nf e( I ulv alent weights of 
weights of these elements which rin th * ° Xygen > ll follows that the 
combined with 16 g. of oxygen are twice^h * P0 ? &eA J com P°unds) are 

sixteen grams of oxygen is called a rilatZe which combines with 

ment Thus for nitrogen dioride nitH "5****- Wei ° hl °f ^ ele- 

combimng-weight values are 7 004 14 00 ft ’ nitr ° US 0xide ’ the 

trioxide are 52.032, 34.688, and 17 344 ^ chro ^ IC oxide, and chromium 
nitrogen and chromium one therehv ’ ^ S P ectlveI y- For the elements 
bining weights with a degree of VaIu<3S for relative com- 

relative comSog"wdgh^Tndlhe ^ between the 

18 pomt that ,he —foAheroihSTg 1 rigj: iz 1,6 8tated ”‘ 

\i weights either prove to be 
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equal to the atomic weights or may be made equal to the atomic weigh ! a 
by multiplication by the ratio of two small whole numbers. The 
equivalent weights are similarly related to the correspond, ng atomic 
weights except that the small-whole-number ratios differ becaus 
relative combining weights are twice as large as I lie equivalent weigh s. 
Before the above question is answered fully, howei«, some additional 

experimental information is necessary. 

2.4. Approximate Atomic Weights 

There are available certain chemical and physical nietlnals b) mc.|io 

experimeSy. If the element in question is a gas, or ,f the element 
forms one or more compounds that exist as gases or volatile liquids, a 
value for the approximate atomic weight of the element may be had 

without serious experimental difficulty. For examp e, 
rhown bv e^eriment that the relative weight of the nitrogen molecule 
is approximately 28. If, as pointed out earlier, the molecule of nitrogen 
consists'of 2 atoms (Sec. 1.12), thenjt follows that the approximate 

at< Met hod of °Dulong' and Petit. For elements which are not 
gaseous and which do not form volatile compounds, apP—e values 

for the -mic * -y * an ^...en, is 

multhihed by heir specific heats, the products are usually numbcr-s 

between 6 and 7 and that these numbers average about 6.4. Thus, 

(At. wt.) X (specific heat) = 6.4 


or 


6.4 


At. wt. specific heat 


If the atomic weight is unknown and 

element can be determined expemnental ly. * » heat 

*approximah alonnc w«gJ* or sn ^ Xe^dingly. 

of chromium is found hy experiment. 


i For definition of the term 


calorie, see bee. 5.9. 
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an 

calculated. 


value for the atomic weight of chromium may he 


At. wt. 


6 A 


0.116 


55 


chromiim^thTrelation^^etween^the ; veights of ni trogen and 

and the exact * 

2.5. Exact Relative Atomic Weights 

chined Mfa-ogen^xyg.n compounds there were 

of the element nitrogen i e 28 O^^lYnno re a * lve com bining weights 
known that the Sh wih,' of ih ' ^ 7 - 004 - Further . H is 

al^uslher'l^v^ i nitrogen 

,mX e rs eqUal 10 14008 " hen “^PfiXthTr^ twStS 

28.016 X\i = 14.008 
7.004 X % = 14.008 

TO <b this point there may have existed a ™ ,, , 

need for securing three different (but reliedwT^r d °u b * “ *° the 

such values all lead to the same value t T be . apparent that, if three 

nitrogen (14.008), there should seem little ^ TelaUye atomic wei Sht of 
rectness of this value. In addition the ? a ? to c f uestion the cor- 
for the combining weight « *+• 

results. d cnec k °n the accuracy of other 

foil 6 55t!^*t222f* °- ‘, l,r0rniUm is 55 W the values 

34.688^ and 17.344, then the exact relatfvlto 'r hr °” i “ m are 52.032, 
must be 52.032, since om,c we, **>t of chromium 



2.6. Review 
The foregoi 

assigning to 
t ive weight of 




52.032 X }\ = 52.032 
34.688 X H = 52 
17.344 X % = 52.032 

discussion is intended to show that the 




of atom a numerical value 
atom involves the following steps: 



problem of 
the reia- 
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1. The atom must be recognized as the smallest unit oi matter that 

can participate in a chemical reaction. 

2. A suitable standard must be established. 

3. From experimental data showing the weights of the element com¬ 
bined with known weights of oxygen (or another element whose atomic 
weight relative to oxygen is already known), values for the relative 

combining weights are calculated. 

4. By some suitable method, an experimental value for the approxi¬ 
mate atomic weight of the element must be obtained. 

5 With the approximate atomic weight and the exact relative com¬ 
bining weight known, the exact relative atomic weight is obtained by 
multiplying the combining weight by the ratio of two small whole num¬ 
bers The small whole numbers that make up this ratio are so chosen 
that the result is the number nearest to the approximate atomic-weight 

Va with this summary in mind, it is suggested that the student re-study 
Secs. 2.1 to 2.5 before proceeding. 


2.7. Meaning of Relative Atomic-weight Values 

Since atoms are so small that they cannot be seen even with the 
aid of the most powerful microscope, the chemist cannot work with 
single atoms. Rather than work with a single atom of mlrogen 
it is necessary to work with “bundles” of atoms, and of course the 

chemist chooses bundles of convenient size. # oicrVit&nf the ele- 

Although the exact values for the relative atomic weights of tie 

ments, being arbitrary, may be expressed in any deeiredanite (g - 

pounds, tons etc), they -moat Sf 

referred to as the gram-atomic weight of ^-ZJc 

S or“ LmoThy'drogem The atomic weight of an element 

element. A Ust of the most accurate “ v^s Jo the^ 
atomic weights of the elements is given on the inside Iron 

Absolute Weights of Atoms. If the bundle of f^n a toms m 
terms of which the chemist chooses to ° ent in’this 

question nalura "£"“ S "toms Zl so small, it would certainly 

particular size of bundle, canoe a*** »v,prp must, be an 

be evident that m 16 g. of f^f^The actual number is known with 
exceedingly large number of atoms. The acti n num 
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;i fair degree of accuracy. As determined by a variety of methods 
which need not he discussed at this point, the number is believed to be 
602,000,000,000,000,000,000,000, 1 or, expressed more conveniently, 
6.02 X I0 23 . This is known as Arogadro's number. Because the 
atomic weights of the oilier elements are expressed in relation to the 
atomic weight of oxygen, 1 gram-atomic weight of any element con¬ 
tains 6.02 X 10 23 atoms of that element. Thus 1.008 g. of hydrogen 
must consist of 6.02 X 10 23 atoms of hydrogen, and 23 g. (1 gram atom) 
of sodium must contain 6.02 X 10 23 atoms of sodium. This remark¬ 
able result enables the chemist to Avork not only with a knoAvn weight 
of an element, but, at t he same time, a known number of atoms of that 
element. 

If in 1 a g. of oxygen there are 6.02 X 10 23 atoms of oxygen, then the 
absolute weight of the single oxygen atom must be 


16 


x 10 23 = 0 - 000 > 00 MOO,000,000,000,000,026 g. = 2.6 X 10~ 23 



Similarly, 1 gram-atomic weight of hydrogen 1.008 g.) contains 
• >.02 X 10 23 atoms, each having the weight given by 

67 02 ><° 10 23 = °- 000 > 000 >000,000,000,000,000,001,67 g. = 1.67 X 10~ 23 g. 

Such numbers should convince even the most skeptical of the wisdom 
of using the relative rather than the absolute weights of atoms. 

1 This number, as well as some that follow, illustrates a problem not infre¬ 
quently encountered in the study of chemistry. It is often necessary to deal with 
very large or very small numbers, and the task of representing such quantities can 
become very laborious and cumbersome. To avoid these difficulties, use is made 
- >f exponential expressions in which very large or very small numbers are repre¬ 
sented in terms of exponents of the number 10. Thus, the number of atoms in a 
gram-atomic weight of any element is represented as 6.02 X 10 23 which means 
that the number 6.02 is to be multiplied 23 times by the number 10. If this is 

lone, the result is 602,000,000,000,000,000,000,000. To use another example 

the total weight ot the atmosphere surrounding the earth has been estimated to b. 

,u,l to 5.200,000,000,000,000,000.000 *. This number can be represented modi 
more conveniently in exponential form as 5.2 X !0 21 

Small numbers also may be expressed conveniently by the use of negative 
exponents. Thus, the number 0.000,000,001 may be expressed as 1 X 10-° since 


0.000,000,001 = 


1 , 000 , 000,000 10 ° 


= 1X10 


*9 


Similarly the number that represents the absolute weight of the individual ■_: 

ST, ,S 000,000,000.026 g . [„ term, „f 

this number becomes 26 X lO' 21 or 2.6 X H>- 2 ° 8 exponents, 
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2.8. Relative Weights of Molecules 

Since molecules consist of atoms, it lollows that the relative weight 
of a molecule (of an element or a compound ) is simply the sum of the 
relative weights of the atoms in the particular molecule. If, for exam¬ 
ple, the molecule of the element oxygen contains 2 atoms, each bavin 
a relative weight of 16 units, then the weight of the oxygen molec ule 
must be 2 X 16 = 32. Similarly, since the water molecule contains 2 
atoms of hydrogen and 1 atom of oxygen, the relative weight of the 
molecule of water must be 2 X 1.008) -f- 16 = 18.016. 


ir 


One gram molecule 
of oxygen 

(Molecular weight = 32) 
(Number of molecules 

= 6.02x10”) 


One gram molecule 
of hydrogen 

(Mol. wf. =2) 

Number of molecules 
=6.02 x 10” j 

□ 


One gram molecule 
of water 

1 Mol. wt. = 18) 

(Number of 

molecules-6.02xl0 a ) 



Fig. 7. Relative weights of molecules. The three squares are drawn to scale in 
proportion to the relative weights of the oxygen, hydrogen, and water molecules. 
Note particularly that the number of molecules in 1 gram-molecular weight is the 
same in all three cases regardless of the marked differences in lie* gram-molecular 

weights. 

When expressed in grams, the weight of a molecule is referred to as 
either (a) 1 gram-molecular weight, (6) 1 gram molecule, or (c) 1 

Thus, 32 g. of oxygen may be referred to by any of these 
designations. The number of molecules in 1 gram-molecular weight of 
any substance is the same as the number of atoms in I gram -atomic 
weight of an element, i.e., 6.02 X 10 23 . In 32 g. of oxygen there are 
6.02 X 10 23 molecules of the element oxygen; in 18.016 g. of water 
there are 6.02 X I0 23 molecules of the compound water (Fig. 7). 

GENERAL EXERCISES 

1. What kinds of experimental data must one have in order to establish a value 

for the exact relative atomic weight of an element? 

2. Define the following terms: (a) gram, (b) equivalent weight, (c) combinm. 

weight, (d) specific heat, <ei mole. ... , • „ 

3. Explain clearly why 1 gram-molecular weight of wafer which contains g- 

of oxygen) must contain 6.02 X 10 23 molecules of wafer. , , 

4. Why is oxygen chosen as the standard for relative atomic w eights, and 

is the oxygen atom assigned a weight of 16.0000? 
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5. State, an illustrate, the law of multiple proportions. 

6 . How may one establish the relative atomic weight of an element if it does 
not form at least one compound with oxygen? 

PROBLEMS* 

1 . From the analysis of a compound of sulfur it is found that the combinin' 

ol sulfur IS K.015. The approximate atomic weight of sulfur is il < 

late the atomic weight of sulfur. C<1 ' 

2 . Calculations based on a knowledge of (lie percentage composition of a com¬ 
pound of chlorine and oxygen show that the combining weight of chlorine in this 

particular compound is 10.131. If the approximate atomic weight of chlorine , 
35, calculate the atomic weight. 

3. Carbon monoxide contains 57.15 per cent oxygen and 12.85 per cent carbon 
ar oil dioxide contains 72 73 per cent oxygen and 27.27 per cent carbon. (lalcu- 

!ate the combining weight of carbon in each of these compounds. 

^4. Aluminum oxide is a compound containing 52.91 per c ut aluminum and 
-1-.09 per cent oxygen. Calculate la) the equivalent weight of aluminum in 
aluminum oxide, and lb) the combining weight of aluminum 

5 The approximate weight of the molecule of bromine is 162. and it is kn, „ , 
that the bromine molecule contains 2 atoms Tf thp i * * * * * 

* 39.958, calculate tb. atomic we^ht ... “*.. 

magu^uZnd *•““ "f *0.31 par ceut 

magnesium and 39.69 per cent oxygen. Whnt is 11 .„ : • . . < 

siuin in this compound? ’mug weight of magne- 

7. Three common oxides of iron have the following nereent...... , 

ferrous oxide, 77.73 per cent iron 9997 . . ~ 1 . ^ composition: 

cent iron, 30.06 per rent oxygen- ferrmi ^" 69.9-1 per 

per cant Z ****• ,N!r *“« =• "' 

weight of iron, and ,/n the combining weight of iron. ^ ^******* 

weight of'copper!^ f **** “ °° 98 CaI * Wha ‘ » ‘he approximate atomic 

and 79!89^per ceirTcupper SEStfre “"‘V' f “ 0 11 per Ce,,t <*!**« 

10. From the informal fl , , 1 , \ °S copper. 

■ight of copper? ° ' a "" ' 111 Prol,s - 8 and 9, what is tb* atomic 



It the specific heat of chromium is 0 116 cal «nd »i , . . 

chromium in chromium trioxide is 1~ 3 U * 1 , d coml)ll ‘»« weight of 

weie-ht ■ . x ae is 1 , .314, calculate (a) the annrnvimutn , 

weight ol chromium, and lb) the atomic weight rt u approximate atomic 

12 . The sneriTm I.,«» e «*omie weight of chromium. 

. , peciiic ht ar of magnesium is 0 94 ^ ,* n i i » 

weight of magnesium is 1 |f> \\ , , *’ nc a A a ue ^' r the combining 

<*> «“ ... weight " « the »Ppr.«hu.te atomic weight. „„3 

13. Aji analysis shows thnt in , « e 

combined with 16 g. of oxygen. If the * 8 " g ' ° f alu "* i '"*''» h 

What IS the atomic weight of aluminum? ^ ° 1681 ° f alu,,,i,,u '" >* <>.229 cal.. 

The specific heat of a certain element n ■ 

this element shows that 1.700.7 g. j s combined 'i n A,ml > sis of the oxide of 

te the atomic weight or the element? (b) What i ;[ 80 ° s ‘ J’ 1 oxyg.m. ,,, \\ | lal 

Question? W 'Vhat is the symbol for the element i„ 

answers to problems are given in the hack of the hook. 
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15. A compound of curium and sulfur \ia> found to contain 8.8511 a of sulfur 

in coinbinat ion w it h |f 8 g. of Carlton Cat ulate tic »• • mb* mug weigh < nf 

sulfur in tliis compound. (6) if the Milfur atem is known tn be approximately 
twice US hen \ \ a*' t lie »* \ s • n atom, w hat i* tin a to (me a eight »if sulfur P 

lf>. \ ntmputmd of imn and i hkvioe contain® 31.1 on and 37 

per cent chlorine. a ( .ulculutc tie* combmim, weight of chlorite* m tho i •. 
pound. </o If the chlorine molecule contains 2 atoms and if the appi vintale 
molecular weight of chlorine i> 70. what b the atomic weight of this el ut ) 

17. \ certain compound formed In tie* elements iron and pboaphorns <>»n!airai 
15.Ml per cent phosphoric and Hi. to |>er cent iron. a What i- th«* combining 
weight of phosphorus in thm «‘impound ' h) What is the atomic weight of 
phosphorus ? 

18. Exprca® each of the following quantities in terms of [pounds: 

(6) 1 kg., (c) 5 g. 

19. Express each of the following quantities in terms of grams: 

(A) 100 lb., (r) 1 or. 

20. W rite tho follow in- numbers in exponential form: n inn.non. /> lO.OOn 

ooo.ooo, , OOO.onn. ,/■ o. 2 to.ooo, (*) 0.001, (/) 0.000.00X039, \g 0.00 

000, (A) 0.001,632. 

21. Write' the following mnnhers in the form of decimal fractions*. ^ 1 X 10~ 1§ , 

(6) 1.8 X IT 1 , (c) 6.718 X 10-*, (d) 83 X 10 \ 

22. The atomic weight of lead 207.21. Calc ulate the absolute weight of the 

lead atom. 

23. From the information obtained in IVob. 10, calculate the absolute weight 
of the c<»pper atom and express the result in both ♦ \|s>n»*ntial and d * d t » r m 


a) 2<N> g 


a 2.8 lb. 


si <;<, 
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CHAPTER 3 

SYMBOLS, FORMULAS, EQUATIONS,- 
CHEMICAL CALCULATIONS 


The.study and the practice of chemistry require frequent reference 

to a wide variety of chemical substances and chemical changes. The 

practice of referring to elements and compounds by name and that of 

providing detailed written descriptions of chemical changes would hr 
exceedingly cumbersome. As a 

means of providing a more concise » 

system of representation, chemists A 

have developed what may be •' 

1 "'d as a system of ” chemical 
shorthand.” It. is essential that 
the student of chemistry become 
thoroughly familiar with these 
methods of representation, since 
they are used throughout 1 he begin¬ 
ning course and all subsequeni 

courses in or experience with the 
subject. 

3.1. Symbols 

The method now used to repre- 

M ‘ nl ^ J, ‘ ;|,(| iiis of the elements was 
introduced by the Swedish chemist 
Berzelius (I'ig. 8) in 1813. The 
symbols used are derived from the 
' ' nes of the elements by taking the 
initial letter, the first two letters, 

of initial letters of En^Usif names are "' Examples of the 

gen), 0 (oxygen), C (carhon t, “ the s ? mbols » (hydro- 

potassium was taken from the Latin nam °* ^ for ,,le element 
is used for the element calcium stolth The symbo1 Ca 

adopted as the symbol for 



f n r< ? 0 8 - J° DS Berzelius (1779- 

c -r ‘ „ jCoTirtesy-qf-Tha Edgar Fahs 
Smith Memorial Collection in the His¬ 
tory of Chemistry, The University of 
Pennsylvania.) * J 
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natrium) is used as i lie s> mbol i< >r sodium, rbe symbol for the element 
magnesium consists of tin- first and third letters, Mg. There is given 
below a list of symbols for the common metals and uonmotals. 1 hese 
symbols axe used repeatedly and should be made a part of the stud* nf 

vocabulary. 

TABLE 3 

Symbols fob Common Elements 


Metals 


Name j 

Sv inbol 
% 

A 111 fill TM fill ..* 

A1 i 

Risnuith , , ... 

Bi 

Pfldmmni . 

Cd 

Pnlrinni . ... 

Ca 

Copper (cuprum ) .. 

r rnn (fpminil .* * * 

Cu 

Fe 

ilUil yri / ufit/ .. . . * 

T ocirl ( fi/ij mhiim I .* . - 

Pb 

IjBaU ********* 

MacmP^inni .. 

Mg ; i 

IVlagliCaiuui» ..* 

Mn 

Ill all^cuivov * .* * 

Mercury (hydrargyrum). . 

DAiaociurn (bnhnm) . .. 

Hg 

I K 

jroiassiuLii yniiii'iiti+j ...... 

QiKror (rtr*nt>Tltiirrt 1 . 

Ag 

Na 

Oliver J/tHUIrm/ *. 

OOQIUIII tt *99*/ » .. 

Tin (stannum) . 

Sn 


Nonmetals 


Name 


Symbol 


Boron. 

Bromine. . . 
Carbon. . . . 
Chlorine... 
f luorine... 
Hydrogen.. 

Iodine. 

Nitrogen.. 
Oxygen.. . . 
Phosphorus 

Silicon. 

Sulfur. 


B 

Hr 

c 

Cl 

V 

II 

I 

N 

o 

p 

Si 

s 


Zinc. 


Meaning of Symbols. The symbols for the elements are not 
merely abbreviations. In addition to showing the identity of an e 
ment, a symbol represents a definite weight nf that element and con¬ 
sequently a definite number of atoms. The symbol represen s 
1.008 parts by weight (grams) of hydrogen and, therefore . 
atoms of hydrogen. Similarly, the symbol K represents 39.1 parts by 
weight (grams) of potassium (6.02 X 10-’- atoms). Since in scie 
work weight is usually expressed in grams, the student should acquit, 
the habit of tl.ii.king of the symbol for an element as representing 1 
gram-atomic weight of t hat element. For example, each time the >> - 

bol 0 is encountered, it should be interpreted as representing 1 gran. 

atom (16 g.) of the element oxygen. 

3.2. Formulas 

Just as symbols are used to represent «t omt. fc™ ill»s are .use to 
represent molecules. The molecules so represented may be either e 
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reactions. Colder the Mtowfaj diitmaaai: “Tw hundred «v*n 

,,„j tw• it \ -o h hundredth* gr.mia </ ih** element lead uni**- » 
thirty-two ■ i iiiii* of tli<‘ element Milfur t<* form two hundred tWrt 

itill** 411id t went y -<>ue oii*‘-)tuiMlr« '.It •i'* " • t •'‘ ' *•' If ’’l * '< 

liJ,./’ |]xpre>sed in the hmgu ire of «>ymlt * » i? *1 <* tm # «. 

cumUTsome •’ -« ri|>ti«« of • simple • bcmi< al rrtu thm U 


this fiitli<*f 


Ph 1 S - \’U 


% • 


the tot .il V i . lit of matt* represented t«. the loft Of U» -qu«lf 
(20?. » l g. 4- 32 gj it> equal to the tot d weight repr*--* :it*"d to the 

right (23*».2I g.). tho hImm 1 expression in «> If * oil- d -m pedion. f■* 

indicate tho direction «•! tlio chemical thui.T. tv* ♦ puli’y * -i 
iiHUiill> ropliio.il l»v III arrow. which >bould »>• ml- n ,r * *- (l < i uli. i»ing 

an; equality, thus. 


Pb - * 


V\y 


Tho foregoing equation is a very ■mp l a one and may bo writ tm »itk- 

difficult\ . Supp* *sc. howi-vr. that it is denied to write an piatHHi 
^presenting the formation of water by the union of h>dr<HM •*» 

hVi.t- V : 1 ” I u-n< l.-il the SYlllhiU Jllld fOTIHIll illlllil'd. 


oxvgen 

■ ^p- 


II 4 . n — H.ti 


ft 




Noxulit must bo recOgnieod that hydrogen and **'> -* '* f **' 
poms but rather in the form of elemental moler ule* Hem’f* 
tols must l*e replaced b> the oorn-pondimr fornmlos. 


*4 






H» + O* -* HjO 


( 2 . 






Lt 


* - 








Fnwossion (2h however, does not repn^nt a true a-prdity 
left of the arrow (aquality *ga) there i> «*bown a tot al of 2 aton 
oxya en while only l atom i> shown on the n.ht. Con>«pjeotly|| 
apnaioo musljbe adju>led <t by the rtw., U 'U.I.W. 

coefti' ; nts, 




2 H 


Ot — 211 iO 


3 



leading to a true equality or 
or formulas for 





m c 



* not follow ed consist e 

book, symbols or formula® f< 



overacoriag of the sjabub 
ft: is ft coOBKW 

1 |n the remainder «f tb** 


er scored 
e subst 1 


, here it i 
question- 


r products 
plmsiaa 



are - 



pli y sksal 
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Equation (3) should be read as follows: “Two moles of hydrogen 

(2 X 2.016 = 4.032 g.) combine with 1 mole of oxygen (32 g.) to form 
2 moles (2 X 18.016 = 36.032 g.) of water.” 

Steps Involved in Writing Equations. From the foregoing 

example, it appears that the writing of a chemical equation involves th<* 
following steps: 

1 . W rile to the left of the arrow the correct symbols or formulas for 
the substances that undergo change. 

2 . To the right of the arrow write the correct symbols or formulas 
lor the products of the reaction. 

3 Adjust or balance the expression so that a true equality results, 
the application of this process may be illustrated by cousiderinn- 
the equation representing the decomposition of potassium chlorat < ■. It 
is necessary first to know (as the result of suitable experiments) that 
when potayium chlorate is heated, it decomposes into potassium 
chloride and oxygen. With this information, the formula for the sub¬ 
stance which undergoes change and the formulas for the products may 
be written (steps 1 and 2 ), y 


IvCIO 


3 —> KC1 -f 0 2 


such SS , t i he t0tal " umber ° f at ° ,ns of involved may be 

such that all of the oxygen can be represented as diatomic molecules 

‘iS ‘° ' he COefflCien ‘ 2 bef ° re 016 potas- 

2KC10 3 -* KC1 + Oo 

I M 

feet thaMhe" 0 ' 11 ^ th ‘ S expression - however, one must recognize the 

and 6 ff'fl r TT lS “ t0ta ‘ ° 12 atoms of Potassium, 2 of oh Cine' 

also be represented on the right of the arrow f 


2KC10 


s —> 2KC1 + 30o 


! 1 ping expression is a true equation 

Information Provided by Equation. A , 

readanb,) that take part in the reLtion. (con,,nonI y as the 

o’ T , e lde . n * lty of eat !l of the products of the reaction 

3- The weight relationships between the reactants and the product. 
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Information Not Provided by Equations. Although chemical 
equations are extremely useful as a convenient means of de>* rihing 
chemical reactions, there are several important items of information 

I hat ordinarily cannot be incorporated in equations. 

1 . An equation gives little or no information concerning the proper¬ 
ties of the reactants and products. 

2. The fact that a particular chemical equation is written does not 

mean that the reaction represented will actually occur at all. 

3 . An equation usually provides no information as to the experi¬ 
mental conditions required for the successful completion «.l the reaction 

indicated. ... 

4 . An equation provides no indication as to the extent to w c a 

criven reaction will proceed in the direction suggested by the arrow. 

* Although these limitations may at first glance appear to be serious, 
several means of overcoming certain of these deficiencies become 
apparent as the student becomes more familiar with equations and 

their use. 

CHEMICAL CALCULATIONS 

In the preceding chapter it was shown that the study of weight 
relationships led to the establishment of certain fundamentally impor¬ 
tant laws and to values for the exact relative atomic weights ol the 
elements. This information, together with a knowledge of the natu 
of symbols, formulas, and equations, leads to the question as o . ow 
these relationships may be used in solving problems of a practical 

character. 

3.4. Establishment of Formulas 

The formulas for chemical substances are established as the *a*dt 
of experiment. Two kinds of formulas are c°irside red here (1)^ tl , 
simplest formula and (2) the true formula. In either 
experimental information required is a knowledge of tl P * 

composition of the compound in question, or expenmen 
which the percentage composition may be calculated. 

Simplest Formula. Suppose that a quantitative chei 
* of a compound shows that it consists of 41.89 per 

weight of this compound, there are 44,89 parts by weight of 

18.37 parts by weight of sulfur, and 36. <4 parts ? T^iL respective 
If these relative proportions by weight are divided by tl _P 

atomic weights, the resulting quotients are the ‘ un d. 

of each of the three elements in 100 parts by weight of the compom 
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14.89 


39 j 1.15 grain atoms of K 


18.3 


i 


32 

36.74 

~L6~ 


"•57 gram atom of S 


2.29 gram atoms of 0 


hom this resdt it might appear that the formula for the compound is 
since onlv Subscri P ts ma y not *>e used, however, 

fractional subscripts may not be used as such, they at leZ eLe" ti e 

smallest one S ^ fractlonaI subscripts by the 


K: 


S: 


1.15 

= 2.02 

0.5 i 

0.57 

= = 1.00 


0 : 


0.57 

2.29 

0.57 


4.02 


be K.SO. aP The'fa:i'‘tha: 7'f* ^ ** «“ .■ 

out to be exactly whole tn,^ s "" l “« 

In another c3 ll .r Ce a ” e “T*? 0 " * the compound, 
to be 74.06 per cent °” ° f * 0 °'" pound » found 

element, nUmber of * ram ^ of each kind of 

74.06 

T 6 ~ * 4 - 63 gram atoms of O 
25.94 

147008 = 1,85 & ram atoms of N 

two, one reaches t^co^^o^that”! " Umbers by the s "'«»er of the 

of nitrogen and 2.50 atoms of oxygen T |" P ° U " <1 °° ntains J 00 atom 
ratio may obviously be achieved most whole-number 

n 2 L numbers by 2 , and this leads to the 

oimuias tor the compounds in 
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question. Accordingly, another example « "“t^Truehunmh) ** 

SST 4 M "-e S atoms 

of mercury and chlorine present are 


Hg: 

85.11 

200.61 

= 0.424; 

0.424 _ 
0.419 

= 1.01 

Cl: 

14.89 

35.457 

= 0.419; 

0.419 _ 
0.419 

= 1.00 


The simplest f ormula for 


1 atom of mercury and 1 atom of chlorine, 
the compound, therefore, is HgCl. f , • t ^ e saine as the 

The question as to whether weight 

true formula can be ^ rf the m J eC ule represented by the 

of the ■ 457 = 236.067. An experimental deter- 

ruination of the molecular weight of *^' s ® ^ since 470 is 

show in each molecule of the compound 

^mtTbe 2 ^L of mercury and 2 of chlorine. Accordmgly, the 
true formula is HgaCl*. 

3.5. Percentage Composition of Compounds 

On many oeeasio.is the chemist wishes niformation concerin^ ^ 

. c. .mposition of pure c leimcad P^ t , (e substa „ c es 

“" '“TltiS•— formation may be 

hiU l by a simple caWatom. For exam*^ ^^ wcighls of aU the 

has a molecular weight o o , = 159.68]. Hence, 

atoms in the molecule: (2 X 55.81) + (iX 10 ; 


(2 X 55.84) iqq% 

159.68 

( 3 X X 6 ) x l00 % 

159.d8 


69.94% Fe 


30.06 < „ O 


Suppose that a chemist lmd avail* . \ ^ _ faCO* All other factors 

produce sine OB a eommercin sea > . . ' compound containing 

being ■■.I, » would seen desirable to use the comp 
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the greeter percentage of zinc. This informal 
follows: 


ion may be obtained as 


At. hi. of Zn = 65.38 


Mol. wt. of ZnS 


97.38 


Mol. wt. of ZnCO* = 125.38 


Zn in ZnS - 


65.38 


97.38 ^ — 6*.14% 


Zn m ZnCO, = X 100% = 52.15% 

chilph r ' 1, ,,lah ° MS n ‘ ay b<? " lade simi,arIy ( se e the problems at end of 

3.6. Calculations Based on Equations 
No single type of chemical calculation is of more far-reachintr imnor- 

limiii;tr) .uhetU.d,. ,, • lK "' s '* as a pre- 

Yperimeata. 1 *’ a check 0,1 l,| e results of 

If it is desired to produce hvdrnron u . 

and an add certain .*« r *^ g 7, th rear,l °" between a metal 

ealculations. On tic assumntinn » I.. , r . b> ' ,ew ' 

I" lie the reactants the foil ^ • a 1,1 nnel sulfuric acid are 

l he projH ,s, ( | ,va< | ion : ° g 111 ay be writt en to represent 


Sn I j 2 S0 4 

(at. wt. » (mol. wt. = 

U8.7) 98.016) 


h 2 

(mol. wt. 
2 . 016 ) 


+ SnS0 4 

(mol. wt. 

214.7) 


Cola / fat ion of \Veiahl nf tv. d . , _ 

tofwduec exactly 25 .. of I,. drm? n ■ \ uppose a* chemist wishes 

•-* , in : ?f e " “**«*«• to know 

The required udornuuionm^ ^1% ! h ' S , Wei S ht <> r hydrogen, 
n.piired produ. A«i 6 g °V hllt 1187 * «<' tin is 

'h re must be some weightif ti„ Now ,f thls is true, then 

“'ll produce 25 g. of In dr.. Wh - t “’““ reart, ° n with sulfuric acid 

— H8.7, of z end 
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weight of tin is represented by the traditional x, then these relation¬ 
ships may be expressed as a simple proportion in the following tnaimer. 

x: 25:: 118.7:2.016 


or 


x 


118.7 


25 2.016 


Solving for the value of x. 


2.016^ 


x 


25 X 118.7 
25 X 118.7 
2.016 

1472 g. Sn required 


From this result it appears that if 1472 g. of tin is allowed to re act wi th 
sulfuric acid, there is produced 25 g. of hydrogen. The correc 
this result may be confirmed readily by experiment. 

Calculation of Weighl of Hydrogen Sulfate Required. Although it * 

required that there be present a quantity of hydrogen su - 

sulfuric acid) only sufficient (or more than sufficient) to react con - 
pletely with the 1472 g. of tin, it might be of interest to kliow 

Tins calculation may be made either on the basis of the weight.of t. 

that reacts or on the basis of the weight of hydrogen orn ■ 
representing the unknown weight of H,SO., this calculation is made o 

both bases: 


On basis of Sn that reacts: 
v 98.016 
1172 I 18.7 

118.7y = 98.016 X 1472 

98.016 X 1 472 
" 118.7 


On basis of H ■> formed: 

v 98.016 


2 . r > 


2.016 


2.016v = 25 X 98.016 

%r 

mtm 25 X 98.016 


v = 


2.01 <> 


— 1215 g. H 2 SO« required 


= 1215 g. H2SO4 required 


Calculation of W eight of Stannous Sulfate Formed Sull 

calculation based on Ibis .. may b.• ">«« *•• 1 ^ as 

calculation, the weigh, of stannmnlsulffite tSnSO^ that is P-ffi & 

this case .calculation may be made m nd«U.;» '^ o f 

Sn that, reacts, (2) the weight of H 2 S< ) 4 that n , t ■ 

That is, proportions may be representt 
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ne of the three factors known. 

an\ one of the follow in 
secure the desired result: 


nr 


With i representing the weight of 
three proportions may be used to 


1 


1472 

118.7r 


211.7 

118.7 


( 2 ) 


21-1.7 


21 1.7 X 1472 


211.7 X 1472 


1215 

98.016.' 


98.016 


= 214.7 X 1215 


118.7 


_ 21 1.7 X 1215 


‘<8.016 


2662 g. S 0 SO 4 

(3) 



— 2662 g. SnSO« formed 




214.7 












O - 











2.016z = 25 X 214.7 
. _ 25 X 211 .7 


2.016 






= 2662 g. SuS0 4 formed 



Of course, only one of these , ullul(ll 
presented here only to show the Teh 

nl«»ii the 1111,1 ntitolive rvi', j j*kMW^^^hiWt^j!b^dhei^cal^BqucdS >eil< 't 

rT-I - S" f0Uowfa « .dure be ad„p,«! 1 ,,S ' " 

1 j , correct equation representing the chemical 

','* 2 ' •"«' ™~P.M, «W.. relati.J U„ CU °" 

3 ZlZk Pn * en T W*(l related to the equation. 

for example. .. . 

hat it ,s nocMwry to know how much oxygen 

li\ lilt* mmnLfn A _ ... 



> «'.<■> 1- produced bv the ZV ,OWt,OWmUchox ^' 1 

potassium chlorate- P decomposition of 183 g. of 





2KCIO, 

35. 137 -f (3 


X 


16)1 = 245 



+ 






3< ) 2 

3(2 X 16) = 96 


T 

183 


<46 


215 


245r 



X 183 


96 X 183 
215 



= 71 


"■ O2 liberated 
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Problems of this general type are encountered frequently, particularly 
in connection with laboratory work. Again it seems worth while to 
indicate that, although all the foregoing examples have been concerned 
with (jrams of various substances, the quantities in «>lved could have 
been expressed just as readily in terms of other units, such as pounds or 

tons. 

GENERAL EXERCISES 

# 

1 Distinguish clearly between the terms symbol and formula. 

2 What fundamental law requires that the quantity of matter represented by 
the reactants in a chemical equation be equal to the quantity oi matter repre- 

"hit Wo" mnct one have in order to know whether the ehnpiest 

formula for a compound is also the true formula ? 0 „Wrints be 

4. In the formulas for chemical compounds, why must all of the sub- . ..< 
whole numbers? 

5. Write equations for the reactions that occur when: , 

(a) The elements sulfur and oxygen combine to form a compound having th 

"T^ThTsame product is formed by the reaction between the compound SO, 

the formula NH, decomposes to form the elements 

Ult (d) ^demmtoduminum and bromine unite to form the compound AlBr 3 . 

% The compound P,0. reach, with water to form another compound havmg the 

formula U 3 PO A . form Ba SOd and HC1. 

w/ ) The compoun » a 2 ... . t f orm hydrogen and the compound 

(h) The element sodium reacts with watei tour . 6 

N,0H PROBLEMS 

1. What » the gram-molecular weight of each of the following compounds? 


(a) M 11 O 2 

(d) A 2 O 3 

(g) Na«;Mn0 4 | 
(j) Cll(HiP04)3 


(b) Ca(OH)-j 

) N 02^0 3 

(h) Zn 3 (P0 4 )‘2 
(*) Bi(0II) 2 Cl 


(c) KNO 3 
(f) K^C^Ot 

(D HC2H3O2 

(/) Fe 2 (S0 4 )a 


2. It. in carrying; out. totoWWW SV 1 ” Punude. 

c hid sugar (formula, Gt*B$aPuJ, wuat weigut v b 

^recotage rompoaition of cnmpnunda (a), »). W. •»« « b 
|,r t'cLLulate the percentage of the middle dement precept in compounda M, 
''I ^TL'^i^tformul. of the compound which containa 92.61 per cent 

.•TKSJSS -->»«• p- 7* '“ d - «• ^ cent 

oxygen. What is the simplest formula of tins compoun 
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7. A pure compound known to contain only the elements sodium, carbon, and 
oxygen, was found by analysis to contain 43.1 per cent sodium and 11.3 per cent 

carbon. \\ lia t is tin* si in pics t f t inn ula of t f h* run i j h h i i h 1 .* 

«. Tin' analysis of a jam- compound shows that it consists of 80 0 per cent 
carbon and 20.0 per cent hydrogen, mi \\ hut is the simple st formula for this 
compound? (b) If the molecular weight of the eon.pound is approximately 30 

what is the true formula? y 

0. What is (Cl) the simplest formula and (b) the true formula of tl..impound 

which has a molecular weight of approximate ly 25(1 and which contains 7<» ft 
cent chlorine and 20.2 per cent aluminum * 

10 A compound of carbon, hydrogen, and oxygen was found to have a molecular 

weight of approximately 138. By analysis, this compound was found to eontain 

a— per cent carbon and 13.1 p.-r c ut hydrogen. What is (a) the simplest 
formula, and </n the true formula? * 

11. Calculate the weight of KCIO, required for the- production of 10 g. of KCI 

r !~ i !' ' ,e . .. of some KCIO there was ol.tained 13 /of ,,xvge„ 

< -aleulate the weight of KCI that was also formed in this action. 

13 Zme reacts with hydroc hloric acid (HQ) to form hydrogen gas and a cm 
pound having the formula ZnCb. What weight of I f (1 „ 

react with 10 g. of zinc? * ' TOW 1x5 required to 

M. The decomposition of mercuric oxide (HgO) by means of heat results in the 

formation of mercury mid (n\ PaU, i # *• . ® 

.1 .11. . ‘ unci oxyg, Id! ( idciilate tlie weight of nu n urv (in 

ZttSSiZZZSStZ ... . " f "«°- '• 2 ^?* 

solution containing 150 g. of NaCJ i* nrlrlnH t , , 18 if « 

AgN0 3 ? (6) What weight of NaNO, is formed ? ummmf an oraas of 

16. One method for the production of notAs^;...*! mi . * « 

3CI. +HC0H-. KCIO, + 5KC1 + 311.0 7,„ .r,rjr-te 

be formed.if „„e used 75 g. „f KOII in ,hi, re.cH.,,,? J, »^,V' ,°7£ 

would be formed at the same time? ' al °* * v< 
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CHAPTER 4 

THE STRUCTURES OF ATOMS 

in Chan 1 all forms of matter were classified as consisting of ele- 

mel compounds, or mixtures, and it was further recognized that all 

of t hese various materials are composed of atoms. This leads naturally 

to inquiry into the nature of atoms and to a consideration of the kinds 

of particles of which atoms are composed. This kind of increasing > 

detailed study of the nature of the 

fundamental particles of matter 
reflects the scientist’s desire to 
achieve a complete understanding 
of the nature of matter, and ulti¬ 
mately to have a better knowledge 
of the interrelationship of matter 
and energy. It is the purpose of 
the present discussion to present an 
elementary view of the nature of 
atoms and to make a beginning 
toward an understanding of how 
and why chemical reactions occur. 

4.1. Radioactivity 

If one wishes to know what kinds 
of particles of matter are contained 
in atoms, it is helpful to know what 
kinds of particles can be obtained 
when these atoms are broken down 

(decomposed). It is fortunate that 

... of torn* of the elements exhibit a type of behavior which 

makes it possible to acquire Ibis kind of information. 

Several of the element, of high atomic weight are unstable an 

JZZ spun tan.. disintegration. This property » *?»*“*J 

radioactivity and was disenvered by the Hreneh pilysu is^ • ' 

(Fig <), iu 1896. Although the occurrence oi radioactive i S- 

AO 



Kik. 9. Antoine Henri Becquerel 
( IB52-19M). ((Umrtesy of The Edgar 

Pahs Smith Me mono I Col lev f ion m the 
History of Chemistry , The University 

of I y ennsylvania.) 
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ii nteg ration i» not -ubject to control by man. inu< I. can be HpH 
irou*: I *udj af Ifc ls M„iu-wha| unusual behavior. Hiepro-rcs- 

■ve disintegration of rad..tlveelements Midi > ls ... ... i 7 

pr jduees a variety oMi^tcr atom, fcwfc* physical and chemical 

iddition M | . r ? m ^ Hwe of the parent radioactive elements. In 

■addition alpha part.do. beta part.Vies (or«*y»). and m„n , ms ,,v 

Had »„.*» i, 'T 1 " ° f thr ' <*'■ rays can be 

r . • rma of an experiment illustrated by Fig. |p |f 

. ““if*? ~ m y}; ^ra.ilum or a ......pound ..I radium is nled in 

.....i. ,. t . . . k or *««d (which ser\ee as a shield . the particles 

... ".ay be «p„ral,,i .,lellee„,l " "" 

by ,®*** ,w ^ f * ****gnet arranged at right 
angles to the path of the emitted particles 

an rays. If a photographic plate is placed 

1 he path of the particles and the rays that 

, t% 7T ! ~P* w, * d by us.- of the magnet. 
h k,,,dt partide or ra> darkens the 

iraphk plate at the point 0 f j llipact 

I h- prop. rt.es ... • ad, of these pralu, Is „ 

ram.■.. ».\,• change are i.„,-iderrd aetia 
ratel> ... the following paragraphs. 

Mph.t Purtirk-*. In 

tnrtiugli the magnetic held ,-i, , r ii I 
dell.-en d toward ‘►partu-J.es an 

' the n» _- ,t| V 4t f ,J J( 



f 



1 .<• 10. Oin^i'uin 

" f1, ' •i"n <'I hIiiIki 

«»-i I-'., I'.iii.leB , 

(.i«K(ietie ■ ■ 





hus o ... , «u tilt* Hd' r fti'f v fl . . I 

** a 11 h. >t exa* fl\ the aamo * '* “'Particle 

tr fram > the he,i ' ,,n tl* 

two unit charges of ,>i«sitixe electri.itv \I t Q ‘ p;,r,h ^ U ‘ 

emit ted with velocities the „ nJ , r uf p, ^ o-par„Vles 

«ot very penetr itin^ sinr-e the\ ,r. . . . ,M * r **''they are 

e\trein«|\ thin she, .fs l<*« than n.| i nni ^n 11 j' L ,hrou « fa '"<ly 

a-Pnrtkle, make only «uch as 

the* -trike a photqgraplii, plate. ' ' l,n P r ‘'v* 

Partirle^. \ s l 

£?««* »■*>"'p* ,j ,S V -; 

«f .«n<iv. d«inci.y ,|,i. I, , ' " ‘■ , '" sk ' of ..Mil 

I.M . MB onK u . M efalw,,,. T , 

■MHilvi 




ie 





I .RB P • > * k 1 t|f (lip frVrlrr.rri a # ■ 

Vie, or'lbCr ' ' 4 .. ...il. “T" r . ^ 

- - 55 S 52 ^tj ',:i. . .. 

proved to be more jxmetratine 



'*#•**. oJ iiiumati 
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V Gamma Rays. The 7 -rays are act deflected by the magnetic, 
field and it may therefore be concluded that they bear neither positive 
aor negative electrical charge; hence they are said to be electncally 
neutral These rays are similar to ordinary light, waves except t w 
7-rays have extremely short wave lengths (Fig U). y-Rays have 
essentially the same characteristics as X rays, which were discovered by 
the German physicist Rontgen, in 1895. That certain 7 -rays are 



h-8--.—J 

- i * u Tlw* rlwtfmce from crest to crest or trom 

Fig. 11. Illustration of wave eng u , . nslia U v designated by the Greek 

trough to trough is called one wave length and is usuall> designated j 

letter lambda (X). 

extremely penetrating is shown by the fact that thcymay be detected 
(by means of a photographic plate) after having passed through a sheet 

of lead 10 in. thick. 

4.2. Atomic Numbers 

When an clement is bombarded by a stream of electrons produced at 

the cathode Of » X-ray tube (Fig. 12), the atoms of the element give 

off X ravs This procedure may be likened to the bombar men o 
off X rays. P The element under investigation serves as 

t henlarget"aud the “bullets” consist of electrons impelled by relatively 


X R&ys 

\\\\ \ I 


^Target 



Cathode 


Anode' 

Fig. 12. An X-ray tube. 


high voltages. Examination of the “mSa o^which 

are not found in the X-ray V**** "!*? * 13) annou nced a 
In 1913, the young English physicist Mos J S tudy G f the 

discovery of outstanding signi ^ found that, for any 

X-ray spectra of many of the elements, lvioseiey 
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two elements thst stand next to each other 
constant difference between the squarel 
vibration of the X rays character¬ 
istic of these two elements. (Fre¬ 
quency of vibration of X rays or 

t/ 

light waves is the reciprocal of the 
wave length and is concerned with 
the number of “waves’* produced as 
the wave describes its path through 
^ (1 * t. i 111 (Iistance such as 1 cm. 

Thus, the smaller t lie wave length, 
the greater is the frequency of vibra¬ 
tion.) If the elements are arranged 
in a series based upon the order 
indicated by the frequencies of the 
characteristic X rays and if each 
element in this series is assigned a 
number beginning with the number 
1 for hydrogen (the lightest known 
element), these assigned numb 
related to the frequency 


in atomic weight, there is a 
roots of the frequencies of 


ers are 
bv the 




Vf = k(N - (l) 


where / is the frequencyBH 
IV is the assigned number, w 
and a are constants. On 

Element 



on. 


Fig. 13. BL G. J. \loso|«*v ihht 

' M1 ;/ , , ( '""'Irsy of The Ed'tar Fnhs 
cirri it /1 Memorial Collection in the Hig. 

I»rv of Chemistry. The I niversitv of 

/ ennsylvania.) ' J 


Inch is known as the atomic number, and k 



is basis, the atomic number of hydrogen 


.Br 


Se 


As 


Ge 


Goi 


Zn 

■ 

Cu 


- Ni 


Co 


Fe i 



Atomic No. 

■S1MI 


Vfxio 

Fig. 14. 


=3 


13 


34 


33 


32 


31 


30 


27 


26 


<('ii 


i® 1, that of helium is 2 

frequency and atomic 
Fig. 14. 


atomic number 





j iIU 



a 


^is 3, etc. I lie relation bet wee i. 

s is shown in 
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1.3. Components of Atom 


Tin* proper! > of radionctivity suggests that all atoms must be ma<|. 
up of units of matter much less (c implex than the simplest varieties ol 

alums. I >ne of these particle-. the efo Iron, has already h- - n seen to l.« 
emitted during the radioactive decay of the atoms of certain elements 

of high atomic weight. Two additional so-called fundamental ,,ar¬ 
ticles must be considered before 
making any further inquiry into the 
internal make-up of atoms and 
molecules. 

_ a * 

Proton. The existence ol a unit 
negative particle ol electricity (the 
electron) suggested that there must 
J )0 [\ corresponding positive unit. 
Experiments performed by the 
English physicist Rutherford (Fig. 
15) and others showed that, when 




V 










1 


7 ■ 


certain light elements such as alumi¬ 
num were bombarded by high-velo¬ 
city a-particles. a new kind of parti¬ 
cle was emitted from the atoms of 
the elements used as the target. 
Further study demonstrated that 
these particles bore a positive charge 
and that they were lighter than 
Is a-particles. These particles . ere 

Memorial CaUtrtion in the Hitlorv of named protons and were oun 
Chemistry, The University of Pennsyl- j iave a mass almost identical with 

ran ia.) that of the hydrogen atom, or more 

nr.. Uelv l»*Jrfg*g the mass ol the hydrogen atom. The charge on the 
pro,!.,, is e„nal to the charge of the electron but it » oppos.te m 

l ~Ne„iron Bv ex-periments similar to those which led to the dis- 
C.verv .,1 the proton, the bombardment of several elements ■particu- 
rberyllium* by a-particles was shown to resui, iu 
still another particle of matter known as the neu ron. As ts xu ge ■ 
b\ its name, this particle is electrically neutral (*-*•■ '» *»* " b ' d 
positive nor negative charge). On the * *4^* ^- , rJ (|ie 

hydrogen atom. The fact that the mass of the P^lonis H»«»_ 
of the hydrogen atom plus the fact that the mass of the ele. tro. 
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a,om suggcsts t,,at ,he ,,eulro '' —of 

atomTLe^VctedtOTOndit' 1 ' 1 ' ,eUtr0ns ®“ P™duced when different 

to occur, ir^ri^^rnrjr^ deco Tf^ 

.natter must be present in the atoms of ail the ekments 

possibility that other particles (a-nart.VIp C f f D ? pite the 

an adequate interpretation of the structures of ®f amp ara lnvolved . 

properties of these "T°^ The 

Pcaucies are summarized m Table 4. 

TABLE 4 

Components of Atoms 


Particle 


Charg 


e 


Masj 


s 


Neutron. . . 


0 


Electron 

Proton 


* * 


+ 


1.008 

1845 X 1 008 

1844 

1845 X 1 008 


1.4. Nature of Atoms 

years has extending over many 

F—- trr 

a central nucleus, the dimensions tftSoW *"** containing 

protons and neutrons and ren rpson't .^ 1S nuc * eus consists of 

(weight) of the atom. The nucleus of ®, pract,cally the entire mass 

with the atomic *+■ ° f this is identical 

— The extranuclear struct). re (Ip that . 

Sists of electrons which may be thought If ^ °- ‘ he nucleus ) con- 

, S . ame ^‘ance from the nucleus are saTd^i ^ V a PP™*imately the 

he normal atom is electrically neutral^ |T *2* he Same sheU - Since 
rons must be the same as the posi^ve cl a ‘ number of elec- 
the same as the atomic number of the tfemeM ““ nUC ' eUS ’ and hence 

e| cment concerned. The shell 
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farthest removed from the nucleus may not contain more than 8 
e, Thr properties of an Jte»-hieh ^^properZ are 

dtrmmTd . .. '>/*<'". ± " Mie * . 

4.5. Diagrams Representing the Structures of Atoms 
In terms of the foregoing ideas, 

represent the structures o a oms recognized that any 

grams. Since a ^ mS [“""^^ewn’to represent such dynamic three- 

reactions’and in gaining 
some Tdeas'concer ning^the structures of molecules; hence, the rue of 

these diagrams is justifiable. 





(bVHelium 


(cVLithium 


laVHydrogen vo of the atoms of hydrogen, helium, 

Kig. 16. Diagrams representing the struc 

and lithium. _ . 1 j 4i 1( > 

Hydrogen Atom. The atomic "“"'^ ^^Tideh is indicated 

by the letter p in the small circle that hydrog en is 

hydrogen atom (Fig. )• ma j. e up the entire nucleus of the 

essentially I, this pro on am _ ^ atom cont aining no neutrons 
hydrogen atom. Th * alom is electrically neutral, the 

in the nucleus. Since tne ny .» „i ectron (represented by e ), 

extranuclear structure nius consia. outside of the nucleus. 

which may be p»ct®*4 « ?**“$L h ers in the simplicity of its struc- 
The hydrogen atom dilfeis « (■ t he hvdrogeu atom, one 

ture. In order to gain a ““^'X^oiind a nucleus con- 
need only Visualize a single electron rotating 

sisting of a single protom numbe r of helium is 2. there 

Helium Atom, bmee the , outside of the nucleus, 

must be 2 protons in the nucleus and 2 eh < 
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af '-nunt'for SISi ', RK ' leus «* insufficient in terms of mass to 

alS ° “Xt 2 neUtrons - and tha structure of 
U, “ atom Ina > r be represented by the diagram of Fig 16b where 

" # TT5 a neutr °"- This dia » ra '„ implies that the2 electrons 

Actually! at.hr: ° rbU K a " imp ' iCa ‘ io " * ha ‘ *£ * 
these 2 electrons are in orh« *° rapresel,t 1) - v sucl1 a diagram is that 
elec ons .rein Zr ^ 1 Sa ™ e furthermore, since 

protons foilowsTom < g"“ M 3 

tor r^olThafartg^e^n'^rrr"^«fi th !f’T® 1 fraCtion *»! 

to be 7. and there muft hi t, ? m ‘ C we,ght of Li is considered 

in addition to the 3 protons. Seonlvnucleus of the Uthium atom 

not contain more tian 2 electX aX f V*** ** nUC,eus ma * 
lithium atom is seen to have 3 electrons r011 The fj?™ c num i )er . the 
necessarily rotate in a shell farther removed fr e ! ectro . a must 

second shell, as shown in Fig. 16c. 1 the nucleus > l - e -> in a 

on the number of dectrmiTthat^a ^ qUeStion as to the imitations 
given shell. This i ? rotat -g in any 

listed m increasing order of distance from the^nucleus.^ ^ ** 

I III pu . _ r TABLE 5 ' 4 r‘ " ' - « ' 

M-uhuu Num,™ „ P Eiect „ ons „ the Vaj(ious Shei ^ 

o, „ Number of 

„. U Electrons 

r irst. „ 

Second. « 

Th '>d. 18 * 

Fim,...:.g 

,, . Sixth.■ o 

tWrd smT 1 ^ r d 0l 7 ° n i y m ° re than 8 e, «=trons. Thus 

- « - —“* tMrt - ~ 
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.Struct ures of Other Atoms. I„ the manner illustrated above 

r be <lra " n *° 

h" g «2c ; um S7: zrr .. . ato r of the el ~ 

».i * u ar manner in which these diagrams are arranged is worthy of 
lurther comment. <mgeu is wormy ol 

b 7 n P ' aced upon the *«* that the chemical 

of the axtranudear electrons In” heirdoms "“vb^ 7* arransement 

lag of ntoms hnvin r II e ^ atonis * T,lose elements consist- 

„ aioms having the same number of eWtnm* *u 

Egzssr t rr-* i ers 

,*—* ?«7hh££?£5£ T ,ai “ 

■II.MIM.T in which elements may be ciamifiad 1^'™ ° f ' he 

ha t P h * 6 ' **theltutnlZ 

-.*sr r J?zz:'^z °„ f f ai ~- 

4.6. Isotopes 

I «>r the purpose of drawing diagram* r.f h, , 
dement*, the atomic weights in * atorns of some of the 

"Ttim, cases were taken as the ^-5eV. ^ 5 e 

nejirest whole numbers. It was 
>"(e believed that the atomic 
''eights of all the elements should 
xn presen led by whole mumhers 
and thin I rational atomic weights 
Acre due to errors in the determina- 
tion of atomic weie’lif^ n i* 

phyweiste J. J.ThoSon «adV made by the 

"I a given element are not necemarilv all ™ ,0 !' slra ‘* d that the atoms 

... .eight of tL P Ca\ ;! kea, rv F «®m P fe. 

met Inals is 14.008. However nitre • 'i " 38 found hy chemical 

Z f ;r of a —*■ - a r in 

“f 1 g, ‘‘ l having an atomic weightu t equal to 14 

present m the naturally catcurring mixture h, a It TheS6 tWO «« 
o make the average atomie „ e i„ht ,,<md„n nne 11 rati ° Such as 

ucieus. I he atomic numbers 



Pro. 18. 



Isotopes of nitrogen, 
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and the exlrainiilear sir. - »«' ' " - . • . ' ; , 

Ih. ..me ,domic wte W <«/«»' *•"“ "'.'"I* 

zz: iNmnon* rf . f '«"»»•" t -v:r,Vr 

. .. ri . rnirtl\ w numbers. For eMmjJe, 

relative weights of isotope* nr. exnnijwmMn 
tile weight of “chtarioe 31 ** *’ • 



■« IHh 1 I Klf* 1^. Isotopes <»f ‘ lllOlrilH?* 

Similarly, it hns be* sheen . ha. ofl, 

inixtum of isotopes. Chlorine VT? rln »« staldc isotn,. 

caloum, 4, t u i. I • J Inspection ofthis Bat win Mh»' 

so far as is new know.d> alee •*-»*•£- ^ ^ it i... 

sis, entirely of atoms nil ol ehteh nr. i- - . ; U ■ ■ . „ liv 

m elements having "hole-n.be, at.ui.H c> 

tures of isotopes. 







Hydrogen,H 


Deuterium ,D 


Tri t i u m, T 




Fig. 20. Isotopes of 

iT w . r ru e element hydrogen is known in the fo "“ *f 

hre^top^ having massea of <«*• *»»• a,K ’ th J^'T'.,T‘ S 

IfJ «dywith'reapecttothenom- 


for the iiffer* 


nces in mass 
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hemy ™WouldteLooted'“tf • * Variety *? Water known 88 

the same as ordinary water (H O) h +h COrnpound ls chemically much 

whereas H,0 boils at 100 . 0 ” and meltLt 7 1#I - 4 a "d melts at 3 . 8 ”, 

D 2 0 to the extent of only 1 part in 6000 I. .° rdln "f “ ater contains 
variety of water containing 1 atom of hvdr posslble also to have a 
rium, another containing 2 atoms of i tJ gen an< 1 atom o{ deute- 

other possible combinationsemnt ,^ 1 "<■ In view of 

it follows that many different vlrienV * iS ° t0peS of °W„, 

Law° Compositb >" s could be made Water having different 

pure isotopes and u^ng^henfto nre”’ ^ P ° SS ‘ bility of obtaining 

to challenge the validity of the tow of appear 

Similarly, from the isotopes ofhvdroue,,7 d 1L? than tbat in «*'>■ 

several different varieties of hydrogen chloride T7 ° nacould prod “ce 
different percentage composition in chloride, and each would have a 

should be considered as a separate diei^^T ' 1 T'! ^ compound 
conforms to the law. Furthermore shew , " llirb . as such, 

each naturally occurring element T"* atomi c “eight of 

tion of compounds derived t herefrom ;« „ . 16 percei 'tage composi- 

concluded that the existence of compounds nf'd ir^ therefore be 

position is concerned. so far as the law of constant com- 

Delinition of the Term Element < 8 , j- , 

sued since the term element was first del! d ^ that have h*" pur- 
conclusion that certain of the eleme ., nned (Se c. 1.3) have led to the 

'hey undergo spontaneous radioactive "eh U " Stable tba sense that 

. Ke ’ ancl these facts surest that u ■ ° m a "Inch are not 

e somewhat ambiguous. Since the pre Y 10 y sl y stated definition may 

Z: may * defined most »“*?. ‘ ( >c tern, el ! 

I-t. of -th 
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4.7. Compound Formation 

Reference to Fig. 17 shows that, in the course of order!) develop¬ 
ment of the structures of the atoms of the elements, the first she o 
electrons is completed in the helium atom. Tins is immediately fol¬ 
lowed (in lithium) with the beginning of the development of the second 
shell The latter becomes completely filed in the neon atom, and 
thereafter the development of a third shell begins. Thus it » seen 
that the structures of helium, neon, and the other so-called inert gasM 
are different from those of the atoms of all other efements in that then 
structures represent completely occupied shells. This condition is one 
TulTual significance because of the fact that such structures have 
the property of extreme chemical stability. The atoms of each inert 
lat have in their electron shells all of the electrons that can be accom¬ 
modated and these atoms are quite content to remain as they are. 
They show little if any tendency to enter into chemical reactions of any 
hind they do not unite to form simple diatomic molecules or rear 
with the atoms of other elements to form compounds. It is because o 
This striking degree of chemical inactivity that these elements are 

'"7Z as t exchlsiviTpresenee of completed shells 

inactivity, so the presence of a shell containing less than its “ 

possible number of these 

T,1 S Trefore" mTbe”’Wked upon as a manifestation of this 
Sency for each atom to achieve the 

,tXre are three ways in -Idchthisniayl.accomps 

X. Two or more atoms may combine by . ffl tl , ese 

of atom loses certain electrons an e o i known as an 

electrons. This process results m the formation of w 

ionic compound. . „ rnress i n which two or more 

kinds of atoms share electrons, and the compounds so produ 

said to be cmnlenl compounds. ... f the i os s-gain and 

3. Compounds may be formed by a comb nation ot the tos g 

sharing processes. That, is, l orromnlished in part o\\ im. 

in a manner such that the chemical umo ■ _ V ^ sharing of elec- 

to loss and gain of electrons and in par & intermediate type * 

trons. Such compounds may be said to illustrate mlerm 


See. 4.8J 
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c and the extreme 


Si "“ are intermediate between the extreme ioni 
covalent types. e 10IU 

■1.8. Ionic Compounds 

may be illustrated^ bv the ° C01 V? OUI }^ the loss and gain of electrons 

neutral TtSSZ “" d The 

could lose this 1 electron the . n* S outer most shell, and if it 

become like that of the ne’arest iZtZ T°T 1°" 

neon, provided that the fluorine atom 1 f the mert « as 

by the lithium atom, as shown in Fig 21a It shoITd hT ? kctron lost 

“i a ‘ 11 should be observed that 



(a) 




Lithium atom Fluorine atom 



+ 



ium ion 



ion 


(b) Li 


+ 


:f 


r 1Li t m 


(c) Li 


.0 


p 0 


Fie. 21 . Three methods of representing the P r ? 

P anting the formation of lithium fluoride, 
the only parts of these two atoms that 

chemical change are the electrons in the ** ' ” vo1 vad >'< this 

convenience, one may equally well represent^T*"* Shells ‘ He "ce for 

symbols for the elements and surroundine tl e!e 1°” by Usin « the 
represent the electrons in the ontermlThelT ^T 150 ' 8 by do,s which 

Ions. As is shown by Fie. 21 a ,. , 8 ’ shown in Fig. 21 A, 

neutral lithium atom loses an electron rV ^ tbat * s forn,ed when the 

(>•«., 3 protons and 2 electrons) and henceknT “ !*“? of 1 P^to,> 

• ° y ' T,, b ' a * om (or radical) that bears an el . an electrically neutral 
Thus a positive ion is formed » Krtncal charge is called an 

an electron, and a negative ion is formed" “i lithium «« loses 

*ams an electron. It f ollow h ™ " a "cutral fluorine atom 

be represented as 

scripts represent the electrical neutrafty' ' e a " 
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original atoms and in which the ions of the compound, lithium llm.nd. . 
are represented as being held together b> the attraction ol their unlike 
charges. It follows that ions must be produced when atoms lose and 

eain electrons; hence the name, ionic compounds. * 

Figures 21a, b, and c represent merely three differen me 
describing the same reaction and differ only to the extent to whn h tin s 
provide detailed information. Additional examples of the schematic 
representation of the formation of ionic compounds are given in h i»- — 


Na 


+ 


. s * + Na 



:ci 


+ Be + 


Cl 


Mg 


S 


[»] 0 >. o 

[: a :J [ - H ?! : ! 

M" 0X0' 


Fig. 22. The formation of ionic compounds. 


Oxidation and Reduction. The loss of one or more electrons by 

an atom (or a group of atoms) is called or Mahon..and th «^r " 
that lose electrons are said to be ox, deed. Stmtlnrli, the grn 

s ;,,d f re . duc,ion 

always occur together in a tcaTrf tide 

fuhsfanr which gains eiectrons Ucaiied tt. 

oxidizing since by gaining elevens rtmalresjt I^Ufor 

another substance to lose electrons. • possible the 

hand, is that which loses electrons and the - ion . rcduc . 

occurrence of the reduction reaction. Tim. . d ; age nt is 

lion process, the oxidizing agent is reduced and the reducing g 

oxidized. . . , ir „ ( . n nrerned, oxi<la- 

So far as the reactions of inorganic substances^ a . _ 

tion-reduction reactions constitute the most are 

taut type of chemical change. eac '°ns , . ^ ore de tail in 

sidered from a somewhat broader viewpoint and in more a 

% Chap. 17. 


4.9. Covalent Compounds 

The formation of the covalent 
Fig. 23. Each hydrogen atom 


compound water is represented by 
requires one additional electron m 
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1 1 t -"" ii,,r '•■"■** «*m.. »(,».. ... 

t", ”• .. Iron, in nnW ..,, ujr .. ,.„ n „JLr 

-tnn tur> Mimlar to that of them*,,, ,t„„. n • 

• ! if, . f. ».v.^ .. . • 1 ■ 1 " ,v, ‘ are 

. ' : ' ' : ' two With uxvg, i, \\ hile, at 

Wte time, e*« It li\<lr,»*r<*n atom is u 1 . rm ;it,„i < * _u«. . 

t . • • ,, . . 11 1 permittv*«l to sharo one of the 

‘-'T'";- K - 1 ,h - m.,,,,. n.i* , M „. 

oi » a ini' ,ii union iimv In* t fioneht ../ a . , • .. . • * 

Ml. i .,1 a> involving an ‘overlapping o * 





Kit, Z.I. 



V oi^il 


1 


(fcjpM ■ 

**"” atom 

tod of r rp nm mU nm the form*ti< 



Water molecule 

( Mitf-r from hydrogen and 


.... STIS^, ;; *7. * 231 “ d in 

V!X“. :‘t•»'..* 

u |!<iH lias H f islr, I _J .« . , 

.. *wi -t.it- ..it,,.. «*i‘ lr , ;y 

!» •**«• •/«(, U til. 2 liwiruftrn ' , , T"'J 

d Otwrtuml simihri, e , " h l,,l<l "f In.* 

■■■•wti •*» he • atii ii., n i?,\.,j v i| W ,, , j j . . * * UM 

ovrt , ..P"* 0 - f ... 



it fiiilo 


cOVmI 






1 » 



h : o: H 
• • 

df|i > a 

' l JlT n *^' a * °°ly li>f dertnm ill the outermrat . 1 , 11 

t'n|i^«| Ul »r l t!v. Hie rv>«t tior» ra n u k- shells are 

44 . Another e « 7 TtpMentd as ibovn in 

« JSS!Igl ' «***« “■» •»„ i„ Ki*. 

■«» «d 3 of ehlom* i, y* . """l»m.li.,i, Hill, | Htom „f 

« know, l„ «no,oi,, , " l< ' "I met W.., 

•fib.__ . " r < ** - 2 "to™ *1, riW. 8.3 I„ th „ 

!cy ^ ! ' may now 


- >n 
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n in Fig. 2<> 


l»e represented dia^ammatically, as show 
provide additional examples of covalent combination 

r . _ i . . » i o ^.. d 7 a / 9 o t 


Tl 


cases 
From I liosr 


diagrams, one may also see that at least 



yillv 2 atoms need to l>< 


involved in each molecule. Since, upon forming a covalent union, any 
two such atoms possess enough electrons so that, by s armg, a 



Fig. m I 

chloroform, CHCla 


Diagram illustrating 


mode of formation of t he covalent componn' 





Hydrogen molecule 


Oxygen molecule '. . 

Fig. 26. Elemental gas molecules 


Chlorine molecule 


♦ P , ( .l, atom can be met without the involvement of a 

third atom. In the cases of hydrogen and chlorine, me mu 
tion of only one pair of tie irons U electrons (2 from each 

necessary, while m the case o oxygen a hi e a stable inert-ga* 

atom) is required if each oxygen atom is to d the molecules 

structure. Similar diagrams may be drawn to represent 

of gases such as nitrogen or lluonne. 


See. 4.1 tj 
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L10. Intcrni^difltc Types 

As has; already been suggested in the preceding section, molecules 
may be formed in a manner such that both “loss-gain” and “sharing” 

tr ltane r ly *° ,he -*•“*««* <* l 

tlienucal union. Thus, between the strictly ionic and the strietlv 

jrLrf!,rT™r m Ch d ’ there is r sib,e a "■ ide variety ° f so - ai1 ^ 

. .. . ' ' u( compounds are commonly designated in 

terms ol the process that is involved to the greater extent For exam 

ttvsrirssas Tf 1 proc T = 

ztx ;:ir nds ,m r s :r th ° 

represent the strXeTof £ “* hare >“ 

recomiirc th^ ^v; .# a, r ,. te 1 y P es ’ Jt ls of importance to 

the m aT maimiK dt COmpOU " da - »*>ich, after all constitute 

e great majority of known inorganic chemical substances. 

f.ll. Valence 

Long before chemists had any well-defined idea* ti, 

»hieh chemical combination occurs, 

ZZ ag lZ2t“Z!ZrCe COmbining C r dty ° f each Wnd of 

pie. the fact that in a given reactioMT'tln ' y f f Xpress ' ,lg ' for exam¬ 
placing 2 atoms of hydrogen • that 1 atom of X Z "' C “ Cap “ ble ° f dis ' 

3 atoms of hydrogen', etc* This le^ " ^ 

valence of nitrogen was ^ 

displaces 2 atoms of hydrogen. f 2 because 1 atom of zinc 

ehMCT^^h! 1 ■^fTuif^!| t f.! aCt “ a i m . anner in whi 'h chemical 

exist between the nitrLe‘ 1 *" cbem ™' i*>»ds 
■nd each is established by the sharinl rf! ^ j’ ydrogen atoms, 

l *£« * hydrogen in the 'same compounds 1 fofth "T Tbe 

::r K* ?£ 

I he reaetton which has the following ZZZTZZns: T* ° f 

■ i i~ 211 + —> Zn++ -f H , 
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The zinc atom loses 2 electrons and becomes a dipositive zm< mu: 
lhe ' , -• • _ 2 Each hydrogen ion gains 1 electron 

(consequently, the valence of hydrogen is 1). and the two result mg 
neutral hydrogen atoms share electrons to form .valent hydrogen 

ra< Electrovaience and Covalence. In terms of the two precedes 
that may be concerned in the formation of molecules, it is necessary 
recognize at least two kinds of valence, viz., electrovalence and 

CO Thc”'number of electrons lost or gained is taken as a measure ol 
The number ot e ^ positive or negative depending 

e lectrov nce, w c negative ion is formed. For example, if a 

upon Whether a pos^ said that the resulting calcium ion 

has a positive valence of two, at d u e of two . 

ip i +Virpcnltinff suliur ion n&s a 
sulfur atom, 1 f electrons shared by a given atom in a 

The total number of pa.ra ' ^ atom . Thus, in the 

molecule is a measuxe o - share in four pairs ol 

covalent compound SiF„ the jehcon a «> of four? Each 

electrons and is therefore sai _ one ir Q f electrons and 

fluorine atom, however, has a siaie , . ^ watrr molecule 

consequently has a cov hydrogen a covalence of 

(Fig. 23 ) oxygen has a covalence ol two ana n> e 

° ne ‘ Tln> forfeeoing ideas make possible a clearer under- 

Equivalence. The torego g involved in chemical 

standing o ** ™ g T f ™ ld be recalled that equivalent weights were 

expressed in terms of 8 g h of ,, a ve 8 electrons .. 

atom tends to gain or share - _ (t6 * } therefore com- 

outermost shell. One gram a 0,11 ', u .-luilf gram atom of oxygen 

spends to a 2-lectron "" ^ "X in, n W On the rela- 

(8 g.) bears the same rdstoondup ^ onl> , toav old a relative 

tive weight basis of 0 — lot" n,< . , hvdrosr* " 


tive weight basis ol u t,vdro^en) 1 gram-atom of 

atomic weight less hmi ^Uvtron el.ange, M . 

..orresponds to a change rnvo vin 1 ^ , ithcr lost, gained, or 

The electron concernedai ll % ombi , Kltio „ of 

in any comp*.- * * .4 »> 
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" Itv I he \ alenci 

in that compound. Thus, in the case o 

nitrogen is 14.008/3 = 4.669. 



which the element exhibits 

s, the equivalent weight of 


general exercises 

1. List the fundamental Dar tides of „n . 

the mass and charge of each. are corn P osed a " d indicate 

2. Why is the chemist usually mure mter»si..o u.. . ■ 

the atonic than th.> J , . . rested 1,1 t,le extramiclear structures of 

™ atoms man in the composition of their nuclei? 

•5. In teims of the structures of atoms u-hnt to ti.. • t <• 

numbers? atoms, what is the significance of atomic 

4. Identify each of the following and describe hriefK <i , , 

Of each: (a) ^-particle, (6) T - ray , f c ) ^ properties 

•). By referring only to the list of atomic weights sort . , 

tin- inside front caver of this book (and nun *° rs f. Ivea 

structures of the element* bavin! , ’ d ' a " c ° mpIete dla e rams representing the 
6- Distinguish i'Vwlen't o , H "IT?."#? * t0 20 

and covalence, <c) oxidation and r^\',ction.'‘ S ’ “ at ° m *** ,0n ’ W electrovaIe nce 

„ ", ay may atorns Uld te to form molecules? 

What is f lit* essential difference hpiwom, 

compound? between an ionic compound and a covalent 

J. By nit‘aij- mi suitable diagrams rpnrpcpni ii i 

ionic compounds CaCI>, RE p Na N c °” lp ete structu res of (a) the 
CH*, SilLCL. GQ*F, SF. ’ ’ *“* {b) the covaleQt compounds 

10. Show three ways of representing the formation r ,i 

1 alcium fluoride (CaF*). n of the ioiuc compound 

11- Show two different means of representing the formation r i , , 

nitrogen from 2 atoms of nitrogen ° -^nation of 1 molecule of 

“ wi,w terma: fa> 

z 'Kf a iTT^rir!: ::r Me sr *.» 

I- Dnw<lil!rarns 

ot -»• ». •«! SO, The atomic „L| j!l".f S,l,Con whi< * m.*,es 
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CHAPTER 5 

PREPARATION AND PROPERTIES OF 
OXYGEN; THERMOCHEMISIR > 

nf lll(> , nmvll chemical elements. oxygen is by fart I, . 

MdC, ' rlai f y ^5 e ^S 21 percent and make, up .non 

a*»i«ca»t par. of such ra.m.mr .Ha .^ ^ 

foodstuffs. Oxygon and as ani ,„ a |.I 

plant respiration, the burning of 
fuels, the corrosion or rusting of 
metals and alloys, and the deca> 
animal and vegetable matter. 

y, the English clergyman 
(Fig. 27) is commonly 
with the discovery of 
There is ample evidenn*. 
„ OM ,c, to indicate that this ele¬ 
ment was first prepared and >ecog- 
nized as an elemental substance b> 
Swedish chemist Scbeel< Fig. 



of 



one 
Priestley 

i T.'dit '(I 



< i\\ gen. 
how ever 



28) 


Fig. 27. Joseph Priestley (l* 33 
1804). (Courtesy of The bihjar ''*•*' 
Smith Memorial Collection in e 
History of Chemistry. The Uniters i } 

of Penn sylvan i a.' 


j Preparation of Oxj 

Methods for the production of 
elemental or compound substan. es 

may be classified as (a) ^ 
methods and (6) commercial me 

- ! -■» 4 a l i / * | I ^ 



ods. The choice of tJthe purity of 

the material required, cost and and wte* 

the laboratory. methods."^femd^regardless of the cost involved, 
are convenient are usual > P ' ; r is a mixture con-i-tmi 

Separation of Oxygen from Arr- Ory atr 
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There are given below five equations representing reactions that 
yield oxygen gas. All these reactions require that the solid reactants 
be heated to elevated temperatures, which differ depending upon the 
particular compound used as the soi ace of oxygen. 


2HgO 

Mercuric 

oxide 

2Pb0 2 

Lead 

dioxide 

3MnOo 

Manganese 

dioxide 


2llg + O 2 


2PbO + O 2 





Potassium 

nitrate 


Lead 

monoxide 

M 1 I 3 O 4 

Manganous- 

manganic 

oxide 

2KN0 2 +o 2 

Potassium 

nitrite 


• fi.p student memorize these or other equations. 

(It is not necessary that t reactants and products have been 

When the names and lormu as o , am) hcation of the method 

learned, the equations may be written by application 

previously outlined.) 

5.2. Catalysis , , 1 o,,. 

When white solid crystals of pure P^f^f^^tem^eraiure, 
melts when the 

however, oxygen is not liberated 1 pessary to raise the tempera- 

the decomposition to occur rap Y» chlorate there is added a very 

tore above MOT. » *> pure potassum, ^ RC10j fa 

small quantity qf mapgtu ieee^ ^ , he presence of a 

decomposed rapidly at abo , id decomposition of 

foreign substance, mangaaeae <^a^h^ d , ip erature than 

potassium chlorate occurs .t * «*sUuwe. Consider the 

that required in the absence ol the lorcign 

two parallel situaHjjjp -j 


At 200°C 


KClOj alone decompose^ very slowly 

. _r vi„n, deceit 1 1>< >ses very rapidly 

KC10 ;1 In tti«' presence M**v* a b 


, 1 • in ia nwessarv also to Luo" 

Before this striking result can he ; Kt'IO. the MuO, 

at upon . .. the derompos.l ton 
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can be recovered unchanged. As far as can be aacerlained, (he MnO. 
is the same material in every respect as lhal originally mixed with tbe 
potassium chlorate and has not been altered in any way. The MnO.' 

t h h °;r r ’ by 1 v* Ue r f ,tS presence is 86611 Uj h <- rapable' of speeding up 

the decomposition of potassium chlorate. This is an example of etta- 

y 1C action or catalysis. A similar result would have bee, obi lined bv 
using feme oxide (Fed >,) or potassium dirhr.ale (K ir.l M u m e 

rf the manganese dioxide. The use of ..* dioxide as a da 

for the preparation of oxygen by the dm,,,,position „f " 

]\i n A *i] . in • , , ubjcct to criticism on the grounds tJmf 

invalid by the fact Hi ^ "***"» is ***** 

dioxide is much higher (535»C 1 thJwri T ,e ™P 6ratur6 nf manganese 

catalyzed decomp^ilion of KCIO, ond by'i'l.Tro'Tl',' u"’^^ 
catalyst the MnO, can be recovered unchanged “ * 

in addition to substances that accrlcritc .1 • . 

there are some that denv tse I h<> »• i r • * * anneal rcaclions 

ls&I®S » ttl uecrease the rates oI certain rp-iPii,„, 0 ti 

ence of a foreign substance that is not itself • i i pr ‘ s ~ 
may result in (1) an increase (?) « A co,| Miined in the reaction 

rate of a given WactioTr^ty^” *• 

a substance which alters the rtte of a ehe. I ** 

which ,s not consumed in the react ion It i s'llVom' C ' 

mcrease the rates of reactions and to d.4ribe tT 

reaction rates as relarders or inhibitors * Wludl <lacre «» 

A very Tit in th r ir ***** 

in another reaction. Similarly a mi * '"V * '• ,lolly w * tbout effect 

particular reaction may act as an inh hT ^ 18 * catal > st fur <»ie 
subject of catalysis is one of the mo I ^ ?* an ° ther - The -"tire 
phases of the science of chemistry. ° ngU,ng and least understood 
Applications of Catalysis Tn „„ 

chemical processes, applications of both m td”f with c °U"nercial 

numerous. I n fact, many important ind f a . ysts and “ihibitors are 
at low cost only because of catalytic action F' ^22* *** availabl “ 

erne oxide, vanadium pentoxide (V 2 0 6 ) andnril *vided platinum, 
manufacture of sulfuric acid. One method f ^ OXygen m the 

~‘-™— JSgS&z zss 
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/ i /’ • .Iril' ,,r '■hirx i< r miimul bit- *»> 

substitutes (such ..s -risen, SOOWdrilt . , f , 

reacti.m with hydrogen in the prescnc.^if a catalxst ... * 

d, VherVan' also many examples of the use of inhibit- re. M.m> I --* 1 

Jz:\« ...ai.-... . .-.'r.. . 

inhibitor* or retarders. -I, » Hndimn i*n*Mt*, »r ;; -1 . 

useful life of articles made of rubber is increased \ 

US. Mil lilt .1 „ hi.*li the rubber i- attacked b> 

retarders which decrease the r..te at wni. u 

ieric oxygen. 





5.3. Properties of Oxygen 

Under ordinary conditions of temp*.re and press.ms <»>«"£ 

a colorless...dorlcss-as r kt. I. > .» .. 3v „. 

solves in water at room temp' » ... to - 182.9M*C-, 

(* m ihp 0 *tseous to th^ fepiid siadti*. u 

oxygen passes Irom tli i ^ ^ u ... liquid oxygen 

solidities. Other properties win, bin. ■ ^ = — l : , , 2 . < * 63 °C.; 

ol wnu n IS p • critical temperature = -H» » 

melting temperature 0 014292 * percc. All the properties men- 

<r s r;, .vpc k,:.:nas 

tionedthusfa . known as c kemieal properties. Hi* 

also those properties w . < . totea denev t«. combine witlmther 

chief chemical pro perty ^ „ lias already l- n 

elements to form . ompo ..editions oxv^en gas consists of 

pointed out that under ordinary conditions «*>ge S 

covalent molecules containing - atoms each. 

5.4. Uses of Oxygen 

The annual productioni of oxygen m <.ht«iii«-d fr..n« 

approximately I'M®? oxygia hand in the produ. tion of Inch 

liquid air. I be hulk of thi. * fllpU su( . h as acetylene in the 

temperatures m the b,ir '""k"’ ' “ )h( , cutting an d welding of metals 
oxyacetylene torch, which u. * b|em of supplying ade- 

„„d alloys. Minor uses center conditions where the quan- 

.Iuate oxygen for human r^P 1 ™ *' insufficient Tims, portable tanks 
ti.y of ox gen in " very high aititudes. W 

of oxygen are earned bv a ' iator * . the crew . of submarines 

mine rescue squads following *>xp^ usicl erable periods f time, and h 
that must remain mh. merge ^ 
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* ■ * *»-%#- « ■ ■ m. mm ^ #—% i vi i m i-/ lf r »■ i ■— ^ _ 

te^She trealT, 7^ • TI ' C *?**“ *™*y adminis- 

^gen the treatment of respirator ailments, such as pneumonia. 

5.5. Ozone 

charged' 77sZ77d‘7 t 7 is passed between two electrically 

is W V „M a saElee l “ ^ 29 ' " P° rtio " <* ‘he oxvgen 

a substance known as ozone, which has the formula 0„ 

30 2 + energy —> 20 3 

j£tSS ^^ i. raC ?.° f ?" *" peoduced in the atmosphere 

* ” S ' At or dniary temperatures, ozone is a Dale- 



Oxygen 
&nct ozone 


To induction 

coil 

blue u t App " rat " ! ' f " r ° W pr '' p "'"' i "" of hr the method of Siemens 

as heavy as ordinary oxygen and ; c „ u d If ls about 1-5 times 
Shonn by the fact that it combL, ^“ < *? * ct,ve chemically, as is 
and mercury which unite will ord * H metals "** as silver 

‘ *. . v,r> u " s,abia -> Slowly - 

203 -» 30 2 

a reaction which proceeds: rortiai^l . , 

'." Ial >zed by water vapor. P lire ozone'? ten,pera * ures a ”d which 
'lolcnce. Because of the difficult andT 7 C ° mposes with explosive 

the pure substance is not used commer. ioll T ° f producin « ozone, 

sterili/ ,„f dr iN t illg wa ^ 0 L °7 is U “d for the 

Imutcd extent asublrariiingapmt as , has als ° been used to a 
h' exist.of an elemental a,ldasa disinfectant. 

’ different properties is not un< °° rmoref °rmshaving 

d allolropic modifications of the element Tk dl , fferent 

. || I j i; \ * f e *emciit. The element 
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oxygen is one that exhibits allotropy since the two allotropic modifica¬ 
tions 0 2 and 0 3 , are known. Several of the nonmetals and meta s 
exhibit allotropy, and certain of these cases are considered later in some 

detail. 

5.6. Combustion 

All the elements excepting the inert gases combine with oxygen to 
form oxides. These oxides are classified as binary compounds since 
they contain only two kinds of elements. Thus, an oxide may be 
defined as a binary compound which contains t c e emen 
oxygen. This process of combination with oxygen is another example 

tidied. The union of elements (or of compounds) With oxygen is 
accompanied by either the absorption or the liberation of energy in ic 
form of heat The oxidation of a given quantity of matter involves t le 
sTe quantity of heat (liberated or absorbed) regardless of rate at 

liberation of energy in the form of heat and hght is called 

When heat is liberated in an oxidation reaction, the ^ 

surrounding objects absorb the liberated 'become 

temperature of he "1 - * oxidised is so insulated 

2Z Ste heat eXd cannot escape readily, .he tempera.are may 
1,1 . , || | i| lt , substances burst into flame, i.e., 

increase to such an extei ,1 frequently are 

spontaneous combustion occ Y*®’ ' 1 ^ e the oil oxidizes slowly 
involved in spontaneous combustion beca of the heat 

and the rags provide insulation ^ ch ^ e is increased and 

the oxidation proceeds into flame, 

ignition temperature ot the mass is reai mr 

5.7. Production and Uses of the Inert Gases of the *"“’**"' 

Although the inert gases are present indevised 

extent of about 1 per cent (by ™ “Tand xen^n n"v^be obtained in 
whereby helium, neon, argom W ^ whieh were discovered 

by the English chemist Ramsay and his co-workers, are q ^ 

, As da as in Chap. 4, the The tern, is in 
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the chemical elements ■ •. n,..i >i 

tendency tow^d ent er in ff !nl 1°" -T exhibit « no 

elements are inactive chemically ‘thel-**'* . C ° mbinatlon - Smce these 
by physical rather than by c'homical n'.ethods! ^ P ”“ 0d 

g^fro OVe^,,,,, • e,,, 

nitrogen V***” ° f 

J pci cent neiium. The latter is separated 



u5. Department of/hein? heliu, » P^nt located at Amarillo T, x r / 

H tmeni oj the Interior, Bureau of Mines.) ’ lex • (Courtesy of 

by liquefying all the other gases . ln ,i 

at the very low temperature of -268 90 °C T^tT (which boiIs 

other liquefied gases. In this manner about 30^ ^? arated froni the 

foot, whereas, in 1918, the uslof less effirir T * ‘! few cents P« cubic 
duction cost of approximately $2500 pw , ' "f * "■''olved a pro- 
chiefly , n the inflation of observation ballot *“?*■ Heliu,n * used 
Z?? r ItS ad ™tage over hydrogen fo thhn '“^.'odner-than- 

hehnm has 92.6 per cent of the “lifting p 0 w e C "of h'T “ 

Aeon, argon, krypton and vminn ^ , r °* hydrogen. 

fractional distillation or fractional I jj?, ? ro< ! uce d commercially by the 
-.ne extent helium and uZZT ° f "» (J* 

' ^ " advertising, in airplane beac^^i? 0 ". **•* 80 

’ ■ l>uch signs may 
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be operated at low cost and penetrate fog much better than ordinal* 
electric lights. The different colors produced depend upon the colors 
of the glass tubes used, the relative quantities of neon, argon, and 
helium employed, and the presence of mercury vapor and other foreign 
substances. Argon is used chiefly in filling electric light bulbs. Nitro¬ 
gen was formerly used for this purpose, but the bulbs filled with argon 
are much more efficient, serve longer, and produce a light more like 
natural daylight. There are at present no large-scale uses for krypton 
and xenon because of their scarcity and high cost of product ion. There 
is, however, evidence that electric light bulbs filled with these two gases 
are even more efficient than those filled with argon. 

THERMOCHEMISTRY 

5.8. Forms of Energy 

It has already been pointed out that every chemical reaction is 
accompanied by a characteristic energy change. Energy is usual 
defined as the ability of a body to perform work and is recognized 
many different forms such as electrical energy, mechanical energy. 
chemical energy, kinetic energy, and potential energy. Krnebc^erw 
is energy possessed by a body in motion and is equal to one-hall the 

product of its mass and the square of its velocity, 

Kinetic energy (K.E.) = M ml ’ 2 

Potential energy is energy that is possessed by a b<*[>^heddnctic and 

potential energies which are possessed by atoms and 
which become evident when these atoms and molecu < - g 

“VheTaw of conservation of energy holds that energy may be nertber 

created nor destroyed. One form of energy may be converted n 

or more other forms, but the total quantity .. s- ■ ^ 

unchanged. Thus, the kinetic energy of \ mechanic al 

into electrical energy, heat energy may be converted to 

energy, etc. 

5.9. Exothermal and Endothermal Reactions 

The energy changes that accompany Um'e^meTin ’terms 

,Z unit known as the calorie, which is the .juanhly ol l.eat requne 
raise the temperature of one gram of water from la to 16 C. 
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frequently desired to incorporate in chemical equations information as 

so written are usually called thermochenZ SS ThZtZ 

sound basis for predicting whether heat w ill be liberated or absorbed 
i xArinSnt" ° " ? """ <l r< ‘ a< '“ OU; this illf oi™ation must be obtained by 

Chemical chaiifrc^ in uln’^ii u,. + * • 

(liberated ) are 1 nr ., a ls £ lven up to the surroundings 

the heat may be considered asTprX ^.be 18 * lberated ’ 

sented in the thermochemical equation, thus " 80 rePre ' 

c + 0 2 -> C( » 2 -f 94,237 cal. 

r the union of 12 «•° f - 

lion of 44 g. of carbon dioxide and the° likS'om ‘ 37 ” T n™"' 
This quantity of heat is liWotmi oration ot 94,237 cal. of heat. 

<-arbon is burned slowly or ranidlv^Ot| 6SS ° f wh ® ther the 12 S- of 
reactions are given by the equations of e3 ®thennal 


2Ho 

S 

4P 



;i 


+ o 2 

"h O2 

5< ) 2 

+ 0 2 


2KCK i 3 _► 2kCl + 30 


2PbO, 


2Pb() + Oo 


2HoO + 136,720 cal. 
S0 2 + 70,940 cal. 

2 P 2 O 5 + 739,800 cal. 
2Na 2 0 + 200,520 cal. 

+ 26,260 cal. 

+ 75,400 cal. 


7 “ v v V1A11 

From experience in the laboratory the student „ . 

the decomposition of kC!O t renuire* *hl ' ? y have Earned that 

^mder why this should be so hi ™ ay 

As pointed out in Sec. 5 2 the heat an r a n exot hermal reaction. 

temperature to an extent such that Z / to raise the 

position becomes appreciable 9 ^ ^ ° f the exotherm al decom- 

lhe ~ in - ^ 

lhe reaction, the be,nt uZT'^ * he of 

accordingly represented on the left of the pf ° ne °[ the reacta,lt s and 

equation, the arrow m the thermochemical 

+ 43 ' 200 r ' al - - 2Hg + o, 

- M)i + 61,120 cal. — 2KN0 2 + O, 

^ dm 
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These equations show that definite quantities of heat are absorbed .n 
the decomposition of definite quantities of mercuric ox.de and potas¬ 
sium nitrate. For no apparent good reason other than the fact that 
it has become conventional practice to do so, heat absorbed m endo- 
tbermal reactions is most commonly represented to the right o the 
Srow in the thermochemical equation. Thus, the foregoing equations 
may be written in conventional form by transposition of t le le 
“ the right-hand side of the arrow (equality sign) wrth the necessary 

change in sign. 


2HgO 

2KN0 3 


2Hg + 0 2 


43,200 cal. 


2KN0 2 + 0o- 61,120 cal. 


Hence, the sign of the heat term indicates whether the reaction is 

“wormarion'o^^'tto quantity of heat energy 

chemical reactions is *. *.* 

occurrence o a c emK ^ Thus if a large quantity of heat is 

“ is 3* the tendency 

for such a reaction to occur is correspondingly sma . 

5.10. Distinction between Heat and Temperature 

Heat has been de^^^^s^f 0 ^^ the implica- 

rsS? 

and temperature may no (smjolied with calories) at the same 

are filled with water an en boils. If the same number 

lore of the boiling water m the ^^wbat less than 100”. 
that of the water in the larger ^ ^ both badies of 

Although the same water U not sufficient to 

water, the heat supplied to j:,, r i hi i ted throughout a larger vol- 

cause boiling because this heat is 0 f the extent to which 

aarJrag :s5-gasrss 

EKSSKSE s™—a •• 
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.n,l3edT^rZX nl L[X n co ‘''TV f’ eaSUred ty *" instru - 

Is graduated i„ 

.nercuo- „ r another liquid that expands wheats L 

o 


— Water bo/Js 


a 


/OO 


-Room temperature —J 


Water freezes and 
ice me/ts at 


O 


—Both scales read 

the same at 


-40 


Fio. 31. 


Fahrenheit 


Centigrade 


ri . iqraae 

Comparison of centigrade and Fahrenheit ,« 

m ranrenheit temperature scales 

'P I »t I 1. ^ 1 . i 


small opening in the glass tube. The Fahrenheit t 
used m the home and to a great evtent , • tem P erat ure scale is 

speaking countries. This scale is m d" P^uts in English¬ 

man ner by marking the position oHhTtfold a f whoUy arbitrary 
thermometer stem when the bulb is in *; . of mercm T in the 
calling this temperature 32° SimilaHv tlw- * W ^ 1 meltin # ice and 

' ber„,„ meter sk . m (us “ „££^ “taking distance on the 

divisions of equal length 2 ^ bekw 32 °) * divided into 
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The centigrade scale has been arbitrarily established in the same 
manner except that the temperature of melting ice is taken as 0 and 
the temperature of boiling water is called 100" Tosscaeistheooe 
most commonly used in scientific work throughout the world It is 
freauentlv necessary to convert temperature readings from one ther¬ 
mometer scale to another. A comparison of the Fahrenheit and cent,- 
grade scales (Fig. 31) provides a basis for such a conversion. S i 
each division on the Fahrenheit scale is five-ninths of one division on 
the centigrade scale, Fahrenheit temperatures may be comei 
centigrade by the following relationship: 


or 


C.. = ?a(°F. - 32) 
•F. = ?£(°C.) + 32 


It should be understood clearly that both of these are arbitrary man- 
it gnouia we . . i which has its foundation in 

the natural behavior of matter is considered in the next chapte . 

5 12 Temperature and Chemical Change 

’ The occurrence of chemical reactions is beheved to be dependent 
t u e ability of molecules to move through space as a resu to eir 
kfnc ic energ If the temperature of a substance is increased (re. if 

heat energy is b££* SV & since the mass 

velocity of their motion must ^ >ncreas d^ Accmxln^y, ^ a 

S3S?lSK t » of fusions, and therefore in 
the rate at which the i» a very useful 

generahzation°with 'respect to 

peraiure increase of 10 C. 

5.13. Other Factors That Influence the Rates of Chemical 

Reactions r 

t jjv , tet tPinnerature two factors that influence the rates 

chemical changes are (1) concentration and <-) catalysis. 

ence of catalysts has already been . of maU ,, r contained 

By the term concentration is meant q 
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of the nulnberof ff 1Ume „ Con ^ ntratlon mi g* )f be expressed in terms 

or 1 liter. I, n^fhtT uLfuTalto'T 0 “ ° Volume of 1 «• 

p .i i _® selul also to express concentration in terms 

unit of volnniP of a sub stance contained in some 

unit °t volume such as a cubic centimeter or a liter 

encedVveT “ WhiCh the rate ° f a <*™ucal '■'■action may be influ¬ 

* heatedSS 

xygen) until the splint glows and then 




Fig 


{a) (b) 

Vol.= 1.0 liter Vol =0.5 liter 

O Oxygen molecules 
• Nitrogen molecules 

32 Concentration of gas molecules 


been brought into an atmosphere that is riel 6 . glovv s P lln t has 

ordinary air, j.e., the concentration nfr • ^ ™ than is 

and accordingly the union of the wo^with o^^ th ® t6St tube 
greater rate. To consider another p , th ^ gen Proceeds at a 

to produce nitric oxide by the dir ( J Xa ”? ple ’ f ppose th at it is desired 

X1Qe by the direct union of nitrogen and oxygen. 

N 2 + 0 2 -> 2iNO 

r' e r leS ° f ™ in a 

» Wch depends upou ,he 3 ‘ 3 <*"*•*• *»*> 

which the molecules collide as they moveUir" 1 ^ **" frequcI,c Y with 
sarne number of molecules of nitrogen and & • Spa , Ce ‘ If ’ now > the 
flask at the same temperature, thereact ion a ' ph ° ed in * }i ~ Ute * 
“ th u e flrst case because the concentration^ Trtuf* ” 1 °! e rapidly than 

of monies per unit volume) is twice as 
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Unw: ia» catalyst. *l •"* 4w **" 

,,iml...-lion. ( 9 ) luetic e*»«T ' potortW «•>**> # 

ctmrpntrnt t« *tt. ,’| • $ ^ % 

1 \\ hat ah trojife? im^iilrtlinw •« - umrot 

id fPirwti'* 

an,t..iinwirt « wwli aoi , t* ^ u ®*^_ 

j lint thra* c*,wcia*c**tal cood.l«B* «Aat influence 

j react* nw gj, f I ■■■ ■• • . •_ m 

] t.ive Uf.pnrtant eommefvia* u •" »•* «' "«> 

» -i» __. lh , 

i lTi|JMr the aoniitiren niuarery ■* ,h * 
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j I f j CHAPTER 6 

properties of gases 

Each Of the Him* States of matter has certain 0hanuteririfa pr< / 

lirs which are dillVrent from llmw ai the Other two. i >»' 

tiveh dense materials and retail! thnr t „„ i - llif j 

of tla- container in which the> are placed '?• • } 

.. in n<i" mki .^ ..H- u. 

. ,i . v .. P iif,l direction, Oases difler from liquid* aria 80 iiu> 

'll,, v wte relatively u.m slri, l.-.l mote.I«•' 'e ' 1 ’ 1 - ""'V 

mg tliroiv -I • , ^ ,i;,. whieh the\ i • ■ onfined. 

lornily in all directions throughout tin 1 





Solid L i q u - d 

Fig. 33. Comparison of solid, li 


liquid, and 


J <t - • 



.,t nnSi here he is less aware of the 
\lt hough man lives in a ga>eous atmosp Xh*> «• 

existcnce of gases that - - common i, a>^s are color- 

I.irgely dm- u. the fact te ■"»»> ° f **“ ,no8t ’ ” mmon g 

less, odorless, and of low density. 

6.1. Regularities Observed i« the Behavior ^ 

Progress in t he understanding of chemical ft 

edge of the make-up or structure ° of gase oussubstances 

has been known for a long time a / h Orator) than th¬ 

is much simpler and more ^^Zmore, much of the infor- 
stru« lure of either liquids or ~ of value in attempts to learn 

mafu.n gained trom the s u 3T Experiments performed by 

<»f the structure of hjoi® an 

scientists over a long period of time ve 
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Pf* ** ,,ave ver > much (although not exactKO «KV* p 

•( is a familiar fact that confine! , • » «™*- For example, 

»»<-ir containers. Ml „ ases (| . nd 1 pn>SSllJre 0,1 t,M ‘ " ;,l,s of 

••"7—.-r :.^rteSJ?r * . 

% 


f>-2. Kinetic-molecular Theory 

W 


l‘ ^ere has idtATeK!)>, W ^ ^,!h'*' c" ^ gasoous condi - 
molecular theory. To understand i f ,| P t<m known as t,ie kinetic- 

- . .z and . tou,iii2 -**>** 

ideas that make up the kineth I ( > m ' a P ,n at«on. The principal 
follows: P lM,et,C -moJeoular theory may be outlined as 

eni/'ily CO " SIS/ o/ mofcOT4a 'epuraled hy rchfirely wide 

<>* "Z ,er ' * maU mm i ,aris "" «** 

- .. io» 1 in 

not walk through a mscous i S "• V not 1 ,e c *®> one Could 

; " 1 "' similar to that met in w .,il .* t,R, °n»ftWng resist- 

, , 1 1,1 «HiMng through wafer 

»: trr' ,md . **** noti ° n - 

«£* *** n,r "db of the tunlainihqn'nrl ’tl'^"* " mle - 

.. " f ..•«* *» molecules "" 

"I » «*.'! ffll. ,1 »i,|, „ , s d b > a <0"l".ed gu. Tlte wall, 

b > ...* ~ ^ ..*.% 

Hthis mi ££ rel ""‘ ni " Hhoid loss „/• „ 

UUI inj <h gas niolecuh* would ^..ir i . J ner i/y- 

" fH>n r °I iis . ion a,,d finallj would be incapable of * -T 1 " k,,,t>fir em>r Py 

If is largely because of the * eb ii / Xls,lllg,l " gaseous 
««m I hat gas molecules do not setil, to t|» \ /. of «e iseffi- 

under t lie influence of gra\ j|> 86 to the-bottoms of their container* 

l he (Jftriifje kinetic € tie cay of all *11 ft * «. 

J.*“■* "it-e diir.T.'iit kinds of ,™ n^ k”* i *7* "- r «" s molecules is 

"*“• .-1- sud,,:;: H " 

„ Vh. nmleciili-s ,1.. ^£J****»- »i, •«« 

Ih a\) iiiolet*ul# s th« 

*lf f V. ; - “ r ? "P" ^ 


MM 


« . 


leni P*™turet an/VreZir^Z ° S “‘^lon which, at 
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kinetic energy. This force of attraction or cohesion .s ordinarily an 

small that it is incapable of overcoming the influence ol « 
enerlv which serves to keep the molecules apart and in motion. 

At first glance, this theory may appear to be somewhat visionary, 

Nevertheless, the more that is learned about the bch«v« « 

"s £ Jtbe interpretation of the 

results of actual experiments. 

(j' 1 SIS y j ^ 

The study of gases has led to the formulation of a number of laws 

WhKh Ser '' e t0 t-:; These laws may be stated either in wordsorm 

the form of exact mathematical expressions. It should 
be understood clearly that t hese are uot man-mac U i Ian s 
They are simply concise descriptions of observ d ha . 
of nature; they describe but do not govern. 

6.4. Measurement of Pressure 

A familiar example of the exertion of P"®"*Jj* 

gases is the pressure of the atn “°® pl ? e . , 

known that the pressure exerted by the g. 
atmosohere is less at the top of a mountain t 
he Sttom. The pressure exerted bj^““^nt 

k n as £ SoTnnn. (about 

JX at one end, filled with mercury, imerted, 

_ * P'-t ad beneath t he is formed 

an open vessel. TheM Wg ^ n „ of theUqui d mercury does not 

above the mercury. 1 he attraction is that some is pre¬ 
flow from the tube owing to gravi a i . , t y ie atmosphere upon 

vented from doing so by the ^ e Exerted by 

the surface of the d bet ween the level of the 

the atmosphere is measurer y mercury in the open vessel, 

mercury in the tube and the leve f °, ieatm0 sphere is sufficient tosup- 

M. sea lev “I, the average height and is called one atmos- 

port a column of mercury 760 2 atra . would mean a 

phere (l atm.). Accordingly, a pressi 



Fig. 34. A 

simple type of 

barometer. 
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^ r % « _ 


6.5. 


Measurement of Volume 


JX » *• *■—*• 

(1000 g.) of water at l°r r, . r* Accordingly, one kilogram 

For p^K,s,, , . C 1 :,' " S *®* ht ofow '«-• of water. 

liter hs u u„i, «T Z 1 ',, 'IZ7*~S TV r Ubi - T ,ha ‘ «“ 

liter = 1.0567 crt. In s ..j.. nf ;r , ar ^ r , ian l * le quart, since 1 
liffuids or solul ions are expivsj-d j'.'T * rt a f tl ,' , l> Iarge vo| umes of 

*h part of a liter °^ 

-tin ter is ST ^ A cubic 

(inside measurement). Since | Jii o, 'r wum"“'V ™ luneter on a ” ^ 

• units, milliliter and t nbie tt, i! uil.) 1000.028 cc., the 

Hie difference between tlie two is ,,,< ?° t , ideiltical - Although 

purposes, the milhli.er is ll' t S,na, ‘ 38 * * for most 

used in expressing small 
TOlames of liquids and solutions 

V U,e tbe are used inter¬ 
changeably i„ Hork i nvo i vir 

*®*“ Volumes of gases. ° 

6 ' 6, Rel “tion bet w een Pressure 
»»'l Volume; Boyle’s Law 

If a dei uiite quantity <»f a gas is 
«>uhned at some fixed tempera- 

*“ a r >I'uder fitted with a 
movable piston, the position of ~ 

p®« piston is such tlmi »i,, _ 

ryHnd. r is Ili. samea,‘h'l"' g “ S "’" tained the 

'f now the pressure is !„!!„l! ',*?“‘“fP'-ere,(Fig.55). 

!'" ‘rd 1,1 Hie cylinder until the eon/in 7 * 1 I,,ston moves 

'•'t' -half of the original volume Thai i ifPh g0S ° ccu I >ies essentially 

tlunie is dec reased by one-half, r*’ the P re ssure isdoubled, the 

•>!<•. m lh- year 1<560, to state what . of this kind led Robert 

' ; Vt constant temperature* the voT *****'° ^ 38 Boyle’s 

ght ° f ga > i9 Z pro I> 0 rtiorr t 0 0 CC t U he ed ^ 

1 ,le Pressure. Or, 



P = l d = ?I ■ ■II 

v= » V ry 2 

Fjo. :r>. The relationship between^he 

pressure ev.-rted i,i»oii a,.- 1 \ “ lNe 

fined gas ami il . Jy ^ a con- 
^ and the volume which it 
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stated in the form of a mathematical expression, 


1 

71 OC — 

P 


where v represents the volume and p represents the pressure. An 
inverse relationship such as this requires that, if one of two fac ors 
changes in a given direction (e.g., increases), the other factor mus 
change to the same extent but in the opposite direction (ne., must 

^Toreplace the proportionality sign by an equality sign requires the 
introduction of a proportionality constant, k , 


v = k 


1 

P 


or 


pr 


k 


which is the usual mathematical expression of Boyle’s law 

Rv reference to Fig. 35, Boyle’s law may be explained m terms o 

kinetic-molecular theory '^ ef result of bombardment by the 

on the inner surface of the p.sto. - — is thc same as the 

moving gas !m>leculea coiitained^^ of the 

pressure b. mg® ^ „ a , ure j, doubled and the piston 

assumes position B ori iaa , numbe r of gas molecules 

cllnst'r"nd 'of lime is doubled, and this results in a pressure twice 
M great as the original pressure. h t ^ definite weight of 

Application of Boyle * Law thf-^ ^ pn-uIe „ nl0 

oxygen gas occupies a volu Problems it might be reqmred to 

am. at 25°C. In certain pm, led probl ms .1 mg sure 

know thc volume that this weig .* pralure he id constant. The 
was changed to 790 mm. and a l ‘ , j application of 

*> Tunt the new Condons "/pressure is 

Boyle s law. The vo unit lllu |tiplicd by a suitable fraction, 
equal to the original volume Vx multipliea Dy 

t i 2 = vi X (u fraction) 

This fraction may be looked upon as a 

into account the change in pressure from Pi-™ mm. 
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pressure p 2 — 790 mm I 

fraction should be no. <, ' , 'J ,,on l . hat arises is whether the 

only that one recall that, according to Rn i^f 6 ° n thls P omt requires 

sure must result i„ a cfecrZ i* “ T** in *»* 

increase the pressure from 710 to ”90 !, SuiCe Jt 1S Proposed to 

less than the original volume ® and *5® “ eW vo,unie H must be 

1 " lor must be 71 ° 790 . 16 fractlon used as the correction 


Vo sa 


* X 7 %0 


593 X 710 ~ 


533 


7<J0 


Other problems involving the 
the end of this chapter. 


cc. 


application of Boyle's law 


are given at 


6 ;;rr i0n b : tWeen V<>,Ume Temperature 


W Iten a gas is heated in a closed re , • PeratUre 
■ lutuge. the pressure exerted by the trasT" S ° ,ha ‘ *!‘ e voIume canno ‘ 
container are ruptured. If a n overfnfl ” C ? ases untl | the walls of the 

over a hot highway, indisputable evidence , aU . t0mobl,e tire ^ driven 
»nay be experienced. There arisen tl f . t ,IS lncr ease m pressure 
the volume of a gas changes with however ’ as to how 

allowed to expand against a constant M^ure * * he gas is 

for each degree change in the centigrade ten ! haS been found ll "‘> 

z xrr 11 ,o 1 ” 3 ° f the v "'— «To°c ' t,,ere is a <*»m 

Temperature SpaIp tt ’ 

such as oxygen occupies a volume of ZTsTat 0°W " eight ° f 3 gas 

the volume at 0°C.). With repeated j’ a d * creas f In volume of ^ 73 of 

volume decreases in this same regular fashion^ ° f *5® tem P er »ture, the 

mg data: g " tashl °n as is shown by the follow- 


W hen / 

When / 
When / 
W hen / 
W hen / 
W hen t 
W hen / 


0°C., 

-i°c., 

-2°C., 

—50°C., 

-150°C. f 

-“2oo°a, 

273 C C., 


21 

r 

r 

» 

p 

r 
r 




273 ec. 

Bp cc. 
271 cc. 
223 cc. 
123 cc. 
73 cc. 


!! f f om l, “- «bove data that if the e 

C., the volume would be zero and t HI '*™* Ure Were low «red to 

‘‘ ,he g8s «vould have disap- 
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peared. This, of course, could not occur (law of indestructibility ol 
matter). Before such a temperature as - 273*0. could 1- -ached, 

the oxygen would become a liquid and then pass into the solid state. 

f o-’iop i« known as the absolute zero since it is 

^7 m p ^rr ".i,.-1.,^ b ,, 

theoretically? become zero if gases were capabie of existence at such a 

16 The^absoiute (or Kelvin) temperature scale is upon the 

absolute zero and is related to the centigrade scale as follows. 

°A. = °C. + 273 

To convert centigrade temperatures to the absolute scale, it s ^ 

sary only to add 273 to the centigrade temi«ntu». Uj * 

emphasized bas( a on the manner in which the volume 

rather it is one th. Us d n I > ^ , a , constant pressure. 

temperature is changed. * increased rather than decreased 

been observed had the tempera u , This change in vol- 

and had some gas other than by Charles' law, which 

ume with change in tempera _ ure t he volume occupied 

was first stated in 1801: At c " ns “V * c pro ^o r tional to the abso- 

lute temperature ,. V doubled; if the temperature 

temperature is doubled, the vo , t one _half the original 

volume. Stated mathematically, Charles law 

I i i ii !| I IS S- •• r cc t 


and 


r 


kt 


or 


v 

/ 


k 


In terms of the kinetic-molecular If 

gas depends upon the hmcl.e P responding increase in the 

the temperature is increase , result, they must move at 

kinetic energy of the gas hum * U 7’ t strike exposed surfaces more 
greater velocities and Mg* against a con- 

frequently and with greater lorce. 
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l«w) to the extent of th^tonperaturTinlrease .' 8 re ' at ' d (by Char ' eS ’ 

Application of Charles’ I aw Tf .1 • 

occupies a volume of 616 cc at a'tenm FT** Tft 1 ° f oxygen & as 
pressure of 750 mm., the ZZt L ° f 25 C ’ and under a 

temperature is lowered to 10°C , nch the volu,ne changes if the 

change „,„ y be calculated toi lo Z “ n °‘ *> 

perature is equal to the original v i 6 V ° um . e ** at t ^ le ne 'v tem- 
fractional correction factor ° Ume ? 1 “^^Pbed by a suitable 

11 = ci X (a fraction) 

the two abso/u/r t0 tempJ^° s na l = 250 ^ .^E? rned 0nl y with 

fa less than According 7 T*.!** and *• therefore, 

seals a number less than unity f. M «“ mUS , 1 be such that * repre- 

°?298, and 

V ■> = V, y 283 ' 

= 616 X 28 2 b 


✓ 298 


— 585 cc. 


6.8. Dalton’s Law of Partial Pressu 



ent Sm with mixtures ° f 

W1U1 sin ^ Je P ure gaseous substances. 




Fin. 



<b) ( C ) 

Nitrogen Oxygen + nitrogen 

P r 740mm. p=740+740= 1480mm. 

Illustration of Dalton's Iaw r .. . 

8,10,115 ,aw of partial pressures 

■ 


Tin*, „ • ., 1 Ultu pressures. 

*raises the (nip<f irm OL , a .1 

contributes to the total 

a sample of pure oxygen -as k r T ,a th 1 e 1 . ,nixture - Suppose 
and exerts a pressure of Tin ,,u„ and that ® 1 " tl , ter ,Uk (Fig. 36a) 
gns a 1 -liter fl flsk ^ eM ™ ’ a ' ,d ,hat ? of pure nitrogen 

now, the oxygen gas is forced j nto t j ? °r <4 ° m . m ' (Fi ®' 364 )- If, 

or vice versa) so that the two gases now k C ° nta,n, "e ,ha nitrogen 

i'vo gases non occupy a total volume of 1 
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(i\e. A 


liter (Fig. 36c), the total pressure is found to be 1480 mm. 

740 + 740 ram.). In other words, each gas in the mixture bcha\<-> 

lust as though it were alone in t lie 1-liter flask and occupying the total 

volume of 1 liter. That part of the total pressure which is exerted by 

a given gas in a mixture is known as the partial pressure of that gas. 

The relation between total and partial pressures is describe! y 

Dalton’s law: The total pressure 

exerted by a mixture of gases is 
equal to the sum of the partial pres¬ 
sures of the various components. 



P 


{total I 


= Pa "h Pi + Pe + ’ 


where p„ p„, !'<■ etc., are the partial 
pressures of the different gases in the 

mixture. 

6.9. Standard Conditions of Tem¬ 
perature and Pressure 

From the foregoing discussion it is 
apparent that the volume occupied by 
a definite weight of gas has no rea 
meaning unless the temperature and 
pressure are specified. In order to 
have a basis for the comparison ol 
results of experiments which involve 
gases and which conducted under 

different conditions of temperature and 

agreed to express gas volumes in t ^L m ture of 0°C. (the melting 
The conditions agreed (the aver age pressure of 

temperature of ice) and a p standard conditions 

the atmosphere at sea level). These are know S .T.P. 

of temperature and pressure and are comrao y 

6.10. Experimental Measurement of Gas Volumes 

In the laboratory, the volumes occupied by ^gome 

ured by collecting and confining -ter 

other suit able liquid. If a gas such as oxygen * oo 

(Fig. 37), the gas in the the tube 

vapor. The total volume of the mixture ol *a ( . entinie ters) on 

mav be read directly lr<»m the sea e (l ‘^a .. p, tlie open container 
the calibrated tube. When the level of the liquid in the op 
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is the same as that of f hp limii/J .1 ,1 . 

pi , ie liquid in t lie tiihe, the pressure exert pH hv tu 

confined gas may be known « mn K. u ,• , exerted by t he 

With the method illustrated byFkr ^ barometer * 

Vapor) was eolleeted in a laboratory in r . C ' ° g as (°*ygen + water 
28°C. and the barometric pressure was 730 V teni P erature was 

that arises is, what volume would the 2! The USUa question 

standard conditions. 3 " ox ^ en & as occupy under 

partial pressures ofo^ge.fand’latoXort" ' C '' Ual ‘° ** SU "' ° f ‘ he 


c 

\ 


Po, + Ph 2 o = P (totBl) 

f 3 * (total) /)J{ 2 o 

k.io,v the )V 8 necessary to 

always be obtained by referring to toM- ^ 1 lnformatlon may 

pressure 1 of water at different temperate^ "L hsted T 

vapor is 28.3 hem'' ' the part,al I—™ of water 

P°2 -^C total) — 28.3 

= "30 - 28.3 

The volume under standard conditions, V, T „ fa tA ... 

v olume alter correction for the change in ateointe t ^ measured 

change in pressure. absolute temperature and the 


1 


8.T.P. 


45 X 


i 


30 


— 37.7 cc. 


760 


2 ~^ x —° + 273 


28° + 273 


la this case, the fractional corrwtinn f<,~+ v ‘ 

*■» of reasoning as was used Up f ™ m the «*»* 

separately the application of the Jaws’of llSteg** 11 *** 

^•11. Diffusion of Gases 

All our ideas concerning the nalmp nf 
assn,„pt,on ,h at gasesconsist of molecules i, f ?• ^ baSed Upon the 

do move (diffuse) tl,rough space can te d That n,ol « ules 

simple experiments. If two flask, OI t ^ n ‘ onsta *^ by numerous 

~ ir— 
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• > 41 a (inelt that orhdnally contained only hydrogen (Fig- 

move into the flas - After sufficient time has elapsed. the 

two gases are found to be uniformly 

distributed throughout. ^ the two 

llasks, as shown in Fig. 38c. 

Density of Gases. Density is 

defined as the weight of matter con¬ 
tained in a specified unit of volume. 
The density of a gas must , of course, 
be specified in terms of the tempera¬ 
ture and pressure (usually standard 
conditions). The units in winch 
density is expressed may be grams 
per cubic centimeter, pounds per 
gallon, or any other convement units. 
The densities of a lew common gases 

are listed in Table 6. 

The density values in Tabic 6 ar. 

. absolute values. Cln-misls some- 

o Oxygen molecules a relative density. 

• Hydrogen molecules times preter :_i lt 0 f a 

F 33. — - “ 

, p • / irVtitrflrilv chosen ns a. con\ 

of an equal volume ol air (arbitrarily 

TABLE 6 

r ., niON . G owes cinder Standard 
Density of Common Density, 

lt. per liter 

Gas o. 0899 

m # *■ * 

Hydrogen. I 1290 

_______ 1.2505 

Nitrogen.. 1 6592 

Hydrogen chloride. 0 7710 

Ammonia. 1 *?Q50 

Air 




Conditions 


Absolute 



a - * 


* * ‘ 


* * - * 


a * * ‘ 


The 

follows: 


1 .pqc Vu l < *41 \ ; ’lll^led 

i - 4 . Kvdroeeu, for exmopl* » 

ive density ot Hydrogen, 

absolute deiisit y^ofHs 

Relative density of H= — absolu e density of ‘dr 

_ (KOBhh 

\ I i 1 i 1.2 


as 



0.0696 
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I he r< bit i v • i ies < >1 I lit' pioi list* d in Tablt 1 6 an* gi \ » ii in Tablt 1 7. 
N iM>t tie confused with s/tecijic gravity, which is defined 



- - -““ a|my« J/mihm, mill II l> unillt'U 

?*e ratio ol the weight of a given \ ohiinr <»l a Mihstamo to the weight 
tl volune oi water at the sumc teiuj^eratlire (lsuullv 4 C| the 

— — * i*i - ■ . 

maximum density). 

% / 


ol an 

temperature at nh 




water tr 



s it 


h ► sa rh i 


TABLE 7 

OF t (MM> l M»l It STAND 1 RD COVDITIOI 

t *i - ^ Itilu til .1 I Y*»aw ■ # % 




11 \ drttftfi 

* “ w m a ^ * • * *w*t*#*»« 

• © 6 '«. 

Oi\ j 

m War “. * ► > ‘****t»ii*f*^ t 

1 

• 


ll\dn^ii cUuride 

1 .Jh77 

4 _ _ • 

\JtJfBhJfliiA 

* « • * a w • 

(» .>96.1 

Vir |. 

.. 

1 (XX Ml 


Hal.- of IhffuMon: thulium'. law. If it heavy automobile and 

W " l-oured |,\ the s:iiiie k ind .,1 ..t Im- li'lil 

• r Houid. -.I n*TO. I- capable of tiavelin- ,.t the pouter speed. 
trK. light mole, „le> tI , , apible of diffusing m<»re rapidly than 
r iiioI<< >iIqs dx*m tie rirerage kin, i., energy of all kinds of gas 
molecules is U» same. In 1W*, Graham formulated a law to the effect 
t 1 .1 the rate of difluoion of a gu» i* inversely pro,N>rt iom.l to the 
-pian- root of it- dei.-ity. If r o pn-viits tile rate ..f diffusion and d 


'• j»t Bh»*iiK the (bnaty. then 
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or 


r H . 

roi 


yj do* 

V c/ H2 


Sino<- oxygen is sixteen tin.es as heavy as hydrogen (1-4290 0.0899 


ru 

ro 


V16 = 4 

VI 


1 


This means that, at the same temperature, hydrogen ... ole, ales diffuse 
four times as rapidly as oxygen m ol ecules-^ diffuses 

n^moiistratioii of Rates oi Uittusion. ■ 

Demonstr nluch mo „. rapidly than ordinary a,r may 

be shown using an apparatus of the type 
shown in Fig. 39. A is a porous-walled 

porcelain cup containing air and connected 
by means of a glass tube to a bottle cont «u»- 
ine water. When the porous cup is s ir- 
rounded by a bell jar filled with hydrogen, 
the hydrogen diffuses into Hie porous cup 
more rapidly than the air (oxygen and 

nitrogen) can diffuse out of the cup. This 

results in a positive pressure within thecup, 

and, as a result, the water ts forced outof 
the bottle B through the glass out i 

6.12. The Ideal Gas 

No real gas such as oxygen or hydrogen 
behaves slridly in accordance with 0* 
mathematically exact gas laws. In h 
behavior toward changes m 

_ S and pressure, real gases deviate shgh - 

the gas laws. Wen the not ^ exactly one-half, 

doubled, the volume is decrease terms c f a n imaginary r deal 

Chemists study the behavior of *as» recis{ , W as described by the 
gas which, if such existed would f rom the gas laws at 

r _.i„ riior ne ptr. Real gases uevia , __„vr.lc- 



FlG. 39. Apparatus for 

demonstration of diffusion 

of gases. 


r/u.> wuivu, 

laws of Boyle, Charles, etc. 


yd behave precis^ 

Real gases deviate from 1 - ' 

u nf the forces of attraction between 

ordinary pressures because 01 th ^ At ver> low 

cules; these forces would be atea ( thg forces „f attraction 

pressures the gas molecules a behavior of the real gas approaches 

are relatively less effective, and the behavior 
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13. VMieu collected over water in » I;ib°r H1 ' ’ ,NI " " 1 ’' |^ ' j "''’'| \^^ 
30°C. and the barometric pressure was <• ’ ^ of dr> oxygen 

mercuric oxide occupied a *olume of 8 _ « . V* ««>* 

under standard conditions ol temperatui* dM ' * , :lll( j 722 nun. and 

14- A sample of V I - ■ .. 

found to occupy a volume of U • I ^ t , at volume di<l the 

changed to 22 °C. and the. pressure m, reused to nun. 

wet gas occupy under these lath 1 > ^,-n. and argon and exerts a t..1 al 

13. A mixture of gases COUMS so f ; s f’T mm. ami tin- partial 

pressure of 1 .a atn . . . a , lial pressure of argon, in milium i.-i s? 

:.- a —... - * • 

mm.' What part of this pressure is due tO^T«r? confined over mercury 

17. (o) Three hundred twdv* of mercury vapor is ..- 

at 0 °C. and 607 mm. pressure. If . p <(( . cup> at S.T.P.? ( 6 ) Calculate 

sidered to be negligible, what volume will this gas P> 

™” upie9a volume of 300 “■ 

What is the aidingS.T.P. —,py if U were 

19 . What volume would H - h vapor i„ a laboratory m which the 

confined over water and saturated w _ re is 755 nun.? 

temperature i. be required to SU • IWil-r II.-k 

">0 What weight ot hydrogen & 

at“-15°C. and 740 mm. pressure? (fl) that ammonia dilfuses 1.29 times 

21. By application of Grah J fast as oxygen, 

as fast as air, ( b ) that mtrogen dilfuses 1 ■« 
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CHAPTER 7 

LIQUEFACTION OF GASES/ PROPERTIES OF LIQUIDS 

AND SOLIDS 

, S1I f plicit> ° f the structure of gases is due largely to the 

fact that gas molecules are normally so far apart that the forces of 

attraction between molecules cannot operate effectively against the 

kinetic energy that opposes these attractive forces. It is of interest 

therefore, to inquire as to the changes that occur when the kfnetic 

energy of gas molecules is decreased sufficiently to permit the attract! ve 

forces to assume a predominant role and to see whether^ the WneU c 

molecular theory may be useful in explaining the nature of U^ and 

7.1. liquefaction of Gases 

III order i<> change a substance from the gaseous to the limiiH c t Q + 

i’s sr hX s en t cuies be brought - 

proximity in Z ^d^T ft 

may be accomphshed by either of two methods „ Th ' s 

temperature, ( b) by increasing the pressure or hv » T*"" 8 the 

tliese two methods. P ’ or a combination of 

When the pressure is held constant o, lr i +i , 
gressively lowered, the kinetic enert of Z\ is pro . 

and less. Under these conditions th l gas moIecules becomes less 

cules move with diminished velocity andtC! 1 GC ^ eaSes and the m °le- 
cooled sufficiently, the » 

become visible in the form of a ndst or fol l ,e C US J ers> which fu ' s > 
cules become larger, drops of liquid annear ^ If?® clusters of mo| e- 

may be caused to pass from the »aseous to th r ). thismam,er . any gas 
The molecules of a gas mav alL u u * ^ lquid conc btion. 

sion gaS If 0 s in ffi ea8ed PreSSUre 3t cons tant temper b h SUbjeC,ing 

may be fOTOd ~ ^“a^ry be e 
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assume the liquid condition. There is. however, a serious limitation 
on the use of this method. For every gas there is a temperatun abov 
which that gas cannot be liquefied by the application of pressure alone 
This is known as the critical temperature. The critical temperatures ol 

a few common gases are given in Table 8. 

TATTLE 8 

Critical Temperatures of Gases 

Critical Temper- 

Gas a ‘ me ’ C - 

.:: _iu.o 

Oxygen. 

Carbon dioxide. ' 

7 . 132.4 

Amnioma. 

r u i 4 * v 

Water.* *. 

If the temperature of carbon dioxide gas, for example, isabove31.S5”C.. 

riiat gas cmmrn. be liquefied by pressure alone no matter how great a 

t -6as 

Solicit ' , . .. 

Liquid 

. “ A 



Fio. 40. 


Liquefaction of a gas by the method of Faraday. 


j u \Vinvp 31 35°, tlio kinetic eneigv 

£ tSSl;; I'rifical un’i'iperature is known as the er„u,l 

pressure. decrease in temperature and increase in 

The combined effecte of d«<r • V amimmia as shown m 

pressure are illustrate y " ... liberates ammonia gas is 

Kg. M. A substance that, iSS are elnsed. One 

placed in a bent glass tube am m is liberated as a gas 

end of the tube is cooled >' " ' , h<> , ub<! . As 1be W* “ 

by heating the solid i „ l . r ,, ast , s , and this, together with 

liberated, the pressure within Hu tula u 




















See, 7.1 
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cooling provide* 

i:a*> to appe 



* l®diutii>l A implications 

of pan k ail important commerciaJ problem. 

I , - f"’' 1 ' "? * 1 801,1 ' 1 *#> n liquefied and 

«-«d m be liquid condition in B.d rteai cybnd r. The 

Bfl'iefaotion of air (and ..ther gaae ■ mplois the . ..mbined 

I bat.«L,T " J i" d " Vdvimlaee i, taken ,,( the faet 

... , *"> a '"“W oomi^tiaaed irar u aliened tneipand eitle, with nr 

.. h.mt the performance U work, the | , ,„|,. r 

and, (aw Haanp . f ) lw.~- Tin,.... 

^oo of oooled compreared Sanaa with,>ut the ,.'rftn»„,ee „f worf^S 



r if 

|«r<J 


It 
















aquifim^iti hi ii... i, . T 7 J 

iMfwfartfciO of air by tl„. 

**^ bribed l»y n VreiMf hi pjir 41 *r< 

JwbondH.u.leand wa t.r v , r th, “j r , ,» ^ 11 ' r I*‘ r 1 • • 1 r «*mov ;i | «,f 

to •but 2 imi Vaono it * ,M '" f, ‘** ,,l< *» at H and 
' Th. warm .ontp^q ,, . " •» .own, 

tnm.rx. and the T , ' nrbun 

'"be ayatan C. whi.l, i- ..ffhtmllf ‘77 it 

■ featkMh or baka «,■.) , )v i "" d by 

III °P^ n,,, L' the valve 

u . i. .... |— * v a . s ** ,! '« |, *;«‘-d to 

d w, fk. IV rotl(«| t-’. R ti _ __ . f M,u ® doing any 

otcr tubeof Ihr ^ , " J *' ,he ******** E ; ,f ? 

^»H I i,t, llllll;() .: h * rv - «« IfJMer the 

4 «d ««--- iricrwnfaw *; ^ inner tubes. When 

•«J“: , " d h. Jne L" , ",l"" l| " ralUr " 

' ■ lUUO ««*»■, MdemTntl. 
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** # t. I f t hi 

^ U> drofi 
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the gas liquefies in the receiving chamber E.° For the liquefaction of 

air the required temperature is about —190 C. 

The Claude Process. The fundamental principle underlying this 

process is again the effect of cooling: the cooling in this case however, 
is brought about by the utilization of the two effects, (1) the cooling 
effect due to expansion alone and (2) the cooling effect due to the per¬ 
formance of work. This process begins to differ from the Linde process 
at the point D in Fig. 41. Here, instead of allowing the gas to expan 
into a chamber at atmospheric pressure, the gas is caused to opera e 
an air engine of the piston or turbine type. In so doing the gas is 
cooled both by the expansion effect and by the M effect. Th 
cooled gas is then sent through the outer coil F (as in the Linde process) 
and the entire cycle repeated until the temperature 
ciently to permit liquefaction of the gas. The e ciency P 

is much greater than that of the Linde process. 

LIQUIDS 

The transition from gas to liquid has been shown to ^ 

practically touching one another, the space between them is so small 
that Heralds cannot be made to occupy much smaller volumes by be 
application^ ofpressure. That is. liquids cannot be compre^to any 
extent comparable to that possible in the case of gases P 

crowded condition, however, the mo ecules in a W low 

motion although only through small distemces . d 1 ‘ 1 

So restricted is this motion that it may be desinbe P P 


If a colored liquid that is soluble in water 

_ -« 1 * i 1 1 ___ ^ rt 4 Af* 


i 


velocities. 

erly as a sort of vibration. ■■ lilled with clear water, 

is placed at the bottom of a a glass > h diffuse 

the molecules of the colored liquid will /il j "rovingthat molecular 

throughout the entire body of the liquid, thus proving tna 
notion is possible but relatively slow. 

7.3. Surface Tension b y considering 

Some insight into the properties of hqmds may• b _ j lu> body of a 

the forces that inlhienrc molecules m b .^rounded on all sides 

liquid. A molecule in He- interior of a ^ “7^, as shown 
by other molecules and is attract iq"< . . no net restraint 

fa Fig. 12. ..- 

from tliese altraclivi foroe* i,;,.|i ii experiences collision. A 

li,,uid because of the frequeney with whl. h it i M» 


Sec. 7.41 


niolec 


PROPERTIES OF LIQUIDS 


e the surface of I he liquid is subject to an inequality of fm 
since there is no comparable attractive force directly above it 
attraction of the molecules in the body of the liquid 
tends to pull the molecule B into the body of the 
lquid. This force acting in an inward direction 
causes a liquid to present the least possible exposed 
surface and is called the surface tension. It is because 

; !l 1 le surface tension that individual drops of liqui, 
end to assume a spherical shape (for a given volume 
the sphere presents the least possible surface), as is 
s own by Fig. 43. The surface tension is also 

tubers [ the ^ that Hquids Hse -PiUan 

s, that oil rises in a lampwick, that objec ts can 

float on the surface of a liquid such as water, etc. 
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v«\s 


n 


re 



^ it;. \ 2 . Illdsi i a- 

f i*>n <>f surfare f <»ii- 

^tori of u liquid 


7.4. Vi 


tv 




m 

A property which is possessed by both • 
l.qu.ds (both of which ar c fluids) but which if far m ^ 

:ln 1,f I u,ds is that known as viscosity which 

have a htgh viscosity and show relatively lif t ton 

the,r “"»*>•» - b,ver,ed"to: 

tar, etc. V ' Sr °“ S lilp ‘ lds ' e '»- "‘olasses, 

~. . 

orTfLV(Ft ff 44) nt fl °" fr ° rn the ^*r , snVa ,l |l 

a verti‘!.' fe p „ttn T an7ir,f: r h k T* T' h ’ 

the surface of the UauidT ,he ^ ,,ne ™Wred for 

Similar measurements with difrerenM*^ J 0m 1 7> is 

a direct comparison. 1 a>fltrent liquids make possible 

molecules, thei^ she, and th^dSan § TT avera ® e velocity of the 
oniquid flow, th es ; fa<^^:;;^r n ^ ^ the 

roll over one another. The greater ike ofth ■****« ino,ecu, »'s 

u ncating oil is largely responsible H le molecules present in 

ml is much more viscous than ^asoline /•'! ' lal t,le ,uhr 'cating 
smaller molecules. That the v £oositv W'v ' . < ;° ntains ^'alivelv 

increase in temperature is shown by the'fuaTl ** 

y tact that lubricating oil 


Lie. 43. Effect 

of surface ten¬ 
sion. 

measured. 
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becomes less viscous (thins out ) 

motor. 


th<‘ operating ttMiiptratun* oi 



7.5. Vapor Pressure 

Everyone is aware of .’he fact that, when water is 
allowed to stand exposed to the atmosphere, it evapo¬ 
rates, Further, it is known that water evaporates 
more rapidlv the drier the atmosphere and the higher 
UhT temperature. Aside from the temperature effect 
the rate at which water molecules leave the liquid 
and enter the vapor state depends upon the extent to 
which they are already present in the atmosphere. 

If placed in a closed container at room temperature 
(FW 45), the water molecules still pass into the 
atmosphere above the liquid but cannot continue to 

do so indefinitely, t.e.. not all of t e ' 

evaporate. As more and more mole, u es en 
vapor state against the opposing pressure of th, air 
I above the liquid, some of them in them motion through 

., ., sur f ace of and reenter the liquid, it hen ' ** '' a 

space strike the sur :j to emial to the rate at w hich they 

which molecules return to e lqu ce ase but continue to occur 

leave the liquid, the two processes do not cease but co 

in opposite directions at the same rate. 


F i g . 4 4 . A. 

convenient t\ pe 
of apparatus for 
measurement of 

the viscosity of 

a liquid. 


at rate A 

_____ > H o()vapor 

, 2 V. "liquid 

at rate B 

TT A __—-> IfoOliquid 

Xi‘>U vapor 


O O' 

O O 
o O O O O' 

o o o ° 

o 


OJpO, 






quillbr 


iQroXonOoO 


Rate A = rate B 


o -\Vafsr molecules 

Fig. 45. Equilih- 

r ’nrr rium between liquid 

Thus is achieved a dynamic balance of opposing and water 

Sees wlXl. is described as dynamic egad. 6r.«m. va|M , 

Under these conditions the space above the hquid^^^ ^ ^ of a 
is said to be saturated with wa tCT by the vapor upon 

liquid is defined as the P r ®® s _ in a condition of 

the surface of the liquid when the two ar 

equilibrium. liquid are capable of escaping 

Some molecules in the boay i , they have kinetu 

through the surface and into the vap<*^sta ^ ^ ^ of ^ the 

energies slightly greater than the average 
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Sec. 7.7' 

m 

molecules. \\ ith increase in lemperature, the kinetic energy of all 
the moecules .s increased. All liquids tend to evaporate but a, 

much 0 ' r ? teS: at tl,e sanl "' temperature, gasoline evaporates 

nnch more rapidly than water. A liquid that evaporates readily must 

liave a high vapor pressure and is said to be volatile. 


7.6. Boiling temperature 

iS ^ an 0pe " the heat 

walifn, , lecule, uuMn 1,7 " Z the ki “ e ‘ ic ea ^ <*the 

tio.i si„ .. , } SerV6S to lncre ase the rate of evanora- 

increased kinetic .-nerves, they are r^o«hl! • fthe . lqUld have 
• gaiitgf the ODDosinrr oj M i ' ^ C °^ dom £ work in pushing 

w0 ter is.reused sufficiently ftp lL«r . a » e “>P««tare <*«•» 

-are), the ... pressure fi! u" Sta " dard atmospheric pres- 

..pposing 'dniLph r c «ha» 

condition know n *"***. 18 said *> M. The 

hi. s of vapor from the body of the liquixL^T^Wl^ ^ ^ ° f bub " 
niav he defined as the lemnerato . Tbe ^° ,Iin g temperature 
of a liquid just exceeds the L • whlch the vapor pressure 

During the process of boiling STheaf 

not raise the temperature of the lit mid h t ?P fr ° m ***■ outside does 

..- in state from „V uh i u,Z s *° aCTOm P feh 

liquid is Qf course, influenced h5 ti fl11 e hoi I mg temperature of a 
atmospheric pressure. At sea level 7 n ] a ^| lltude of the opposing 

hods at 7I°C. because the opposhS V!*” 6 863 level ) water 

at the higher altitude. 15 ^ Sure the atmosphere is less 

Allhough most li mid* «,-»«• ko , 
d-diuilc tciupcriitnrcs under iiOTm illTdil ' 0 Zt “* chara eteristically 

d' - onip..,.. under the influen,,, of i„. a( b rf,'r.'.Thei fEUF™! *° ,ne Uc|uids 

< an e reached. Even certain of these l i__ boiling temperatures 

without d.composifi(, n if thr 0 jn ’ <UVever ’ . can he caused to boil 

22 extent, thus enabling the h^ds to hT 6 1S lowered to a sulS- 

ieir de. omposition tempera Inns. 01 at temperatures below 

7.7. Freezing Temperature 

IlciS I nqui n . i • . 

' i< ' u, ; d —.Hit *> *• f-t that 

1 ' at. a temperature <,f —218 4°C p a ° la * ^ f t u *d oxygen solidi- 
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solidify. In most cases, when a liquid is cooled to ds becxing Um- 

ncrsdurc, solid cryslnh appear and .1 that lc.npcia.ure ex»tm cqmhb- 

rium will, lire liquid. The freezing I. mpcra.urc ,na, la- dcl.ncd 

as llial leinperalure a. which .he liquid and -nhd tor. 

mire sul.sla.ice can exis. .ogc.her wi.hou. change ... .cnqa ra- 

inre. All liquid* that solidify to farm crystal!. «hd» have definite 

f vi '<■*'/1 n tr tcnip^rsiturGSa , , * i 

Mam.fact ore of Ice. The principles employed m the «mi.i.m al 

manufacture of ice are concerned with .he fact .hat a by 

expansion and that the evaporation of a liquid with aw- iea .. s 


Ice fank G 


Cooling 

water 


11 ii I. ii ...... ri 

B O 1 , ;.'i ^i£px 



L 1_H*_ 

Fig. 46. Combined ice-making and cold-storage system. 

t WniJ i< p making and cold-storage system is 

surroundings. A combined ice-maUng “ . the pump A 

illustrated iu Fig. 46- mmoma sprayed from the pipe B. 

and is forced into the ^"ooofad^wrt J> ^ ^ 

Uquef.es and is forced through the valve C a withdraw- 

brine. Here ‘he liquefied -fficic.iy fa 

A and goes through the same cycle * touTthe coik in the 

the cold brine (by mean, <* may be main- 

storage unit E at any desire • Evr ei.t for minor opcratr.e 

taiued in tile cold-storage comp in the small refrigera- 

tion units used iu the home Gasos or ffWn (CCUth 

employed. For example. mos ' t widely used in house- 

and other similar compounds are the gases 

I IraM refrigeration units. 


a 

r? 
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SOLIDS 

T he conversion of a gas to a liquid has been seen to result in a nro 

restriction becomes still ° the molecu,es concerned. This 

The fixed pin .ical form P r «nounced when a liquid solidifies. 

characterize matter in t he sohd^t T* properties that 

molecular motion. StatC are of restricted 

• •8. Melting Temperature 1 

o 'heat* h ,r 'Hur - 80 "* 1 WhiCh iS n °‘ 

cause the solid to Tet ri' ^"ent 

■ I' ',,.,, the solid into the B^hTT °"' y *° 

1. .npernture of a pure solid such aT oe UT T the 

sohdiiicution tempernture of the rnrre ** S ‘' mC 38 the freezln g or 
is amenable to the same defimtion £? ndlng pure H®** (water) and 
that the kinetic enerev of th. , 6 P r ° CeSS of mel,in « requires 

supplying energy in the form ofheTiY^ ° ?* f** increased (by 

may be capable of motion to the ev. ,° T* ‘ hat 0,6 " loi «'olcs 
state. ° *“ ertent normally possible in the liquid 


^•9. Vapor Pressure 

ordinary ten'ipera'tur" ^TShds“havea"pT" '"’“T Even at 

*2 "2« 11 > to theTid conllTn clap 

sty te from solid to sas to ool.vi j n Cha P* 1 this change in 

I hat behav .• in this manner are sai!rft 6 33 sublinxat ^ on ^ and solids 

“nu.th balls '[naphthalene TP °subhnw. Iodine, camphor, and 
“j..'"••-onp'«'flou<c,^ 

fively small number of cases the vnnor dj,y * In all but a rela¬ 
te be negligible. **** pressure of solids is so small as 


710. Crystalline Solids 


; ,ne “ 1)6 

I'TTTr' V - ? 6 * - T referred to 

poinl*, etc. ****' Thus > chemists speak of boilL TZf l ° “ a 
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under the influence of forces of attraction or cohesion. With respect 
to each other, tlie molecules occupy essentially fixed post ""is in -!>■" ' 
and molecular motion is possible only in an extremely small 

Depending upon the type of crystal c-erned. ■»»*'« 

make up the crystal may be molecules, atoms, or ions. 





Regulce 


Hexagonal 

Fig. 47. Crystal systems 


Triclinic 


i • u +Vio molecules, atoms, or ions are 
The particular pattern in w the external form of the whole 

arranged within th y , : n w hich crystalline solids exist 

crystal. The known forms or system.. » **^ ^ Cr> , sta || ine 

are six in number, three of whic l , and have definite melting 

solids exhibit definite planes of cleavage ana n 

temperatures. Present-day knowledge of the infernal 

slructure of crystals is the result of joint efforts _ _ 





Simple cubic 


Face-centered cubic 


Body-centered cubic 


Fig. 48. 


jbic race-cemctc-—u. . #yrt em. 

r ii m :il units in tne reguiai nj 
Possible arrangements of str 

. . • _ — iho a r 


1*1 useful ill investigating the archi- 

cists. The experimental h tn hen and is the X ray. 

lecture of matter in the cry si allm.* ^ ri . n „ c , ed by crystals. 

By studying the manner m wluch • V ; t of the alo ms. mole- 

much has been learned coi.cer.nng the ** g or cubj( , a ys- 

ru l„, or i.ms with respect to one anolhe.. 
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shown'if; Rg « ““‘“f 8 m 7 be —PH the three patter™ 
substances ie showl in F?' ^ ° f 8 " Umber of crystalline 







^ OCa 
Calcium fluoride 

[Courtesy of Seitz, Modern 


O Na # Ci _ 

Sodium chloride • Cs O Cl 

Fig. 49 i Cesium chloride 

rpi ’ he lattice structures nf 
Theory of Solids, McGraw-imi BoLT ^ Crystal 

m tiook Company, Inc.) 

7 *H. Amorphous Solids 

Upon being cooled, some lim.idc, r -i . 
more and more viscous until fmally u e v 2*5“”- Tlle >' ^ome 

are described by the term , , f* “"*«**• These solids 

word meaning “without form ’’ Am * T ' ’ S denved f ™n the Greek 
y the absence of any definite geomeSo° US "° BdS ^ chara cteri 2 ed 
nfl “ d h ) ‘ho fact that they soften of sl ™' lural 

solids. “ elt Sharpl5r at def-ite temperatures 1"“* ' ,W f d - 

^ -itures as do crystalline 

1 Define the f II ■ GENE " ' L ^KOSES 

»gS ? --- 

W *** tem ~. <0 
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, What is meant b y the etpteeeion.: W - S'* <N a U q „id. 

‘'rWh"^ S, a .r.tr,.mpe r .,u r e in . parii.i v.ennm than at 

atmospheric pressure!' sur face of a liqui d, the rate of evapnra- 

4 if a current of air is passea on 

tion is increased. Explain. the vapo r pressure of liquids and their 

5 . What relationship exists between tne l 

boiling temperatures ? 


SUGGEST! * > REA I 


Journal of Chemical Education 


r An y Liquid Air, 8 , T< »2* (1031 ). i-to 0929 ). 

Reinmxttii, Cooling and i’ 8 , 45 (1941). 

Denues, Liquid Oxygen * 

Evans, Temperature, 24, 123 (1947). Crystal 

I SimpU MethoJ of BnMng Cto-packed Moiecdar 

Models, 18, 164 ( 1941) * - Crys tal Model Construction, 15, 192 (1938). 

u - 139 m ' 

to .*• Sultur Cel1 ' 181 182 



CHAPTER 8 

RELATIVE WEIGHTS OF MOLECULES 

In «'Imp. 1 it was pointed out that tl„ molecules of elemental gas,., 
. ..I, as hytlrog,,, nitrog,.,,. and chlorine. consist of 2 atoms each' 

' N " ce son,e infonnatiot. concerning the nature and 
Mane, of gases tem.s of the fcfcwie-muleeular theory has been 

tl„''" In,,,! ,1 “ Tl"""" ! i’ 88ib 'r' '** «MPP!y proof of the correctness „f 

,,r«. "cm" ," r ' , "l.' 1 " i<n "r ..I- number of atoms 

2 ■T"" ,l,e " ^ weigh, of 

mo ithIp ua« ..r.ir. r P . . . <>■ atoms hi the hydrogen 

' ,l ' **» UnJv,,m ' n - Hus situation would require that il,„' r Jur 

*■ 1-1,1 of the hydrogen molecule be determined '. Ve 

i .i i ' . < «*>' «tr* available whereby the molecular r 

be measured by experim, ,,l. " ''ell us liquids and solids) may 

p(iP a ^votfadro^p 

eel! '"'<ii,iionto the 

* , . * 1 the san,e n uni her of nioleeuie« A t *u 

-*■» AYOtr idro s Drpflirtlnn ■ . , • - the 

■ini.* snr.ixtsiti..it or trii,. v(J i„ ® ® ,re “**8 a reason- 

n iiurguivs. In'• ii1m.,, u ,., i | v ,e, rs lioupi-pr iu. „ I 

^novvn as Avogwb ©**$ Imr. J t,,dt * ,las come to be 

I In* far-reaching importan.v of \voirvdr« , «i io.„ i- • , . 

It provide ton. ret.* rel .tiornd.m h»i^ . ,CS ,n ,e fact tf,at 

bit , and the volumes that they occum Whit n. hlch a re m vis,- 

"" rl "III, individual molecule,' |„., o i . . 'annot 

which haw real nm.nl,,g in ,e rm , definite volumes of 

P~rn'- A kn ledge of the de„.,i„ „f .~.l ! s"“STL n '° l «'" l(:a 
Avogadro a law maites possible a direct eomre.ri «*H, 

Xaaexais molecules. Prison of the weights of 
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Consider the volume occupied by a gas at standard conditions to be 
1 liter and represent the number of molecules by n. Since the density 

?Ln the absolute weight in grams of the individual hydrogen molecule 
must be 

\\ t. of 1 hydrogen molecule = 0.0899 — n 

Similarly, from the known density of oxygen, 

Wt. of 1 oxygen molecule = 1 .1290 -s- n 

i • • e it is seen that the ratio ol the weights ol the 

From this information, it is seen mat, 

individual molecules is 

Wt. of 1 oxygen molecule ^ = 1 -4290 + n 
Wt of 1 hydrogen molecule 0.0899 • n 

1.4290 
"" (L0899 

_ 15.88 

" l 

This result is simply a comparison ot the abMilute ^eights the 

cules of oxygen and hydrogen and .^t t^e hytogen^molecuie. 
oxygen molecule is 15.88 times as heavy as the hyorog_ 




I Wuter | j^Water | 
Two volumes 


Fig . «, rrlTvoUimes: — of water from 

Since the relative w'uglils Q f molecules should 

selected standard of O ^ relative we ight of either the 

b,' expressed ' known, then the foregoing ratio 

molecular weight of the other. 

ft 2 Gay-Lussac's Law , . (Tav- 

®** 1 * * , • r 4 xrAcrfinro S law 9 vjfdj 

Three years before the hrst enunciii nu^^^ the volumes 

Lussac observed that there is by chemical reactions. For 

of gases that combine rn or ar i ure two volumes of hydro¬ 

example, at the same teiii^niHireai p ^ twQ volumes of water 
gen combine with one volume of oxygen to 















RELATIVE WEIGHTS OF MOLECULES 


See. 8.2J 

—^* » i i ▼ l w w~ ■ i i m I v r il. Al a i a* ^ 

vapor (Fig. 50). Similarly when «, ,1 w M i* • i 

volume of . s " lll, ‘ r “ ™ <«>«< •■. on* 

<. 1 .ev„iu,„eofCC”l"u l d.. “ <»* so. 

volumes of liy ( lr<, K e)li | l |„ r i ( ||. (R.. ' 1 

ana one volume of mfro«-cn , <• . . njuiogen 

f'Fitr i? % * in< l<* form two volumes of nnimoni i 

law to the effect that at the same t ‘ ’ ,ay ' Lussar << >i’niulated a 

tt mpcral ure and pressure, the 


Sulfur 

(solid) 


+ 


J" ir;. 51. Com hi 


One volume 

nintf volumes: formation of 



>xide from sulfur and 


<»v wen 


Hydrogen 


+ 



Hydrogen 

chloride 


T ig. 52 


One volume One volume 




Combining volume*: formation of | lv ,ir 


Two volumes 

chloride from h vdn 


»£r»*ii mid 



Hydrogen 



Fig. 53. Comb ini 


One volume 

,S: f, ’ r, " H,ion ° fa,mnoni « *m hydrogen 



ratio by volume in which 

chemical reaotinn. __ i 

voi icacuons may be 

thus, the ratios of the volt 
illustrat'd by Figs. 50 to 53, 





combine in or are produced In 
expressed by small whole numbers. 

es of gases concerned in the reactions 
ay be expressed as 


gen: oxygen .‘water vapor = 2 • 1 • *> 


Oxx 


111 • 


Hydrogen.chlorine: hydrogen chloride = 

Hydrogen: nitrogen : ammonia 


= 1:1 


1 : 1:2 

3:1-2 


Together, the laws of Avo. 
proof of the statement that tl 
am at least 2 atoms eacl i 



iay-Lussac 
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8.3. Composition of Simple Gasll I 

Bv reference to Fig. 52, it is seen that one volume 

one volume of chlorine combine to £££ **. 

chloride. At thesanietraupern ,“ r « ^ ontain , he same number of 

umes must ^ c ° r * n ^ un f ed f hat these volumes are of such size that 
molecules. If it “ then the reaction may be repre- 

each contains exac y attention must now be focused on tie 

sented as shown in Fig. 51. * hvdrogen chloride is a 

* • n each individual molecule of it must 

ne smallest “piece - of hydrogen that can 


Molecules 


Hvdrogen 

One volume 
1000 molecules 


Chlorine 
One volume 
1000 molecules 


Hydrogen chloride 
Two volumes 
2000 molecules 


1 l — - . . , J • ,i.p nroof of the diatomic 

Img. 54. Diagram illustrating relationships mvo v e 

nature of simple gas molecules. , , en 

he present in a molecule of ^ 2*3*. 

Th 20 0« 0 /{ ha h of the 1«00 molc- 

cules 'd hydrogen must have in incase of chlorine. 

The same line of lessoning may be *W „ ases . This pro- 

or in the case of reactions mvol g of ato ms in these mole- 

cedure does not in itself prove that the ^ ^ that the number 
rules may not be greater than •, rimenlf ,i methods, which 

m ust be at least twm By « ™ * tne8S of the number two has been 

nee d not be discussed Here, 

firmly 


1.4. Molecular Weight o *yg e tfae hydrogen mole- 

In the preceding section it was . atomic weights already 

•stablished, the relatrve wergl t of tl y fe molecule inust be 

requently, the relative wetght of the hy 

2 X 1.008 or 2.016. 
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cule is 15.88 times a^heavy a's^hTif d° the oxygen rook- 

relative weight of the oxygen molecule muft LTs 88 X 2 0iT*’ tl 

by (1) »in- 

' ,J, ‘" tS “"d (2) proving (by the n Jhod outhne^n tc^aTthTT' 

— - -iCtS rjt 

a ea^r; ,Mi 7 l ; 0n ° f MO,CCUlar **** by Experiment 

that, at theTame ttm^peraW^and We ]f htS ° f gases has shown 

different gases bear to each other the same iSati 6 in | °. leCU,a f weights of 

known volume of a gas is determined (h !f : ’ he Weight of a 

laboratory, the molecular weight of tl. y <brect weighing) in the 

tion to the weight of the same volume' ofTgaV C k alculated “ 
weight. 1 a e as °t known molecular 

Suppose, for exaninle thtti q « 
by means of an acc urate balance and°f ^ nitrogen is weighed 

-e is 752 mm. Under SSSmZZX* T'T" *** 
n(t iipies a volume given bv ’ weight of nitrogen 

is 


1 


a.T.p. = dd.3 X 27 ^ 99 X ™$4 


= oO cc. 


60 


If 50 cc. of niti'offen at c t ii • , 

~ r+ SS 1 ** of the gas 


0.0625 X l»«%„ = 1.25(15 


g- 


• lj,fT ° f hydrogen (molecular weight = 2.016) , 


0.0899 g. Therefore 


at S.T.J*. 


weigh s 


Substituting. 


J^L-Wt. of nitrogen of i i:« n . 

'lol. ofhydrois | ^oTTlItif^i^ 


^Ii?!: wt. of nitroge 11 


2.016 


1.2505 

0.0899 


Mo1 wt. of nitrogen = 2.016 X ^*2505 


0.0899 


= 28 
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This experimental result is confirmed when it is recalled that the mol,- 
cule of nitrogen contains 2 atoms, each having a weigm. o 

relation to 0 = 16. r _„ es . The discussion and 

Molecu p been restricted to elemental gases. 

That the molecular weights of compound gases (; exam . 

experimental da * . . k n vo lume of sulfur dioxide gas 

pie. By a^amnlaxexpenment. ^ staluJaTd conditions, this 

was foun o wei s i • ? ^ f ronl which it was calculated that 

sample occupied a volume ' , 2 8572 g . The molecular 

1 liter of sulfur dioxide gas at S.T.P. weighs e . 

weight of sulfur dioxide is given by 

1VM wt. of sulfur dioxide _ ^85^2 

m ®- 0.0899 


2.016 


Mol. wt. of sulfur dioxide 


2.8572 

2.016 X TTr 


0.0899 


64 


At this point it might appear to the atomic weight 

of sulfur is 32. that of oxygen is ^ - d t ^ ^ aupp0Be that, as 

weight of sulfur dioxide is 32 + v Compounds hitherto 

is often the case, the true in the laboratory 

unknown in the experience o ^ typ i ca i situation serves to 

every day. The lo ^ permit the calculation of molecular 

establish the need for methods tbar peri 

weights from experimental data. n a uce ^ in the laboratory and 

A new chemical ' contain only the elements carbon 

found by qualitative analv ‘ , . showed that this compound con- 

and hydrogen. Quantitative aio ‘ { cent 0 f hydrogen. 

sisted of 82.76 per cent of car bo and ^ P ^ ^ to * 
From this information. were shown to be presco, 

C * H - Carb ° n "lU saom rulio U 

. .lo. land molecular weights) listen oem 


in the ratio of 2 to 5. 


Compound 

Mol. v,t. 

C/H ratio 



O / 

CjH& 

29 

^ o 

1 , 5 

2 / 

C iH i o 

I ao 

u 

Cftl 11 6 

8 i 

7 •> 

o / 

CJTao 

ll<> 

H 

- 
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I uv 

is* " eiRl " of ** »«■ 

By the method *“ 

S&z “ts - eight ° f 58 ’ z 

* ■ I ]Q t 

8.6. Gram-molecular Volume 

Knowing the densities and mnlpmlo. • ■ 
and compound gases, it becomel of to T ° f sim P le 

assembled in Table 9. ^ ^ <)r Sli( 'h calculations are 


Densities and Gram-moi ectJa^wF 9 
-- molecvla r Weights of Some 



n Gases 


Gas 


Mol* M't. 


Hydrogen (H 2 ). 

Methane (CH,) . 

Ammonia (NH 3 ) . 

Nitrogen (N 2 ). . 

Hydrogen sulfide (H-S) 

Chlorine (Cl 2 ). . 


I tensity, 
per lifer at 

S.T.P. 


2.016 
16.031 
17.031 
28.016 
34.016 
70.914 


0.0899 
0.7168 
0.7710 

1. 




f'Offen 



a 



is occupied by 2.016 
rature and pressure 




g- of 
is 




cc. at S.T.P.. 
gen under the same 


1 


__ = 1000 

2.016 0.0899 

v = 1000 X 2.016 

0.0899 


22,400 cc., or 22.4 liters 


- — ■ * J 1 

Thus, if „ ne should fl| , conW 

at 0 and 760 mm., there would k . llters v °lume 

molecular weight of hydrogen * COUtamed therein 

banilar calculations, in abbreviate r 
of the other five gases listed ™' ”* give " 






rogen 

1 gram- 


vv for each 
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For methane 


l 


T 


1000 X 16.031 


0.7168 


90 



cc., or 22.4 liters 


For ammonia 


V = 


1000 X 17.031 


0.7710 


99 



cc., or 22 


i liters 


For nitrogen: 


V = 


For hydrogen sulfide: 


V 


1000 X 28.0^6 
L2505 

22,100 cc., or 22.4 
1000 X 34.016 



1.5. 



22,400 cc., or 22.4 liters 


For chlorine: 


V 


10 00 X 70.914 
332140 

22,400 cc., or 22.4 liters 



This striking result is not t 
cul ations are made were chosen ; 




at random, and 


28.194 cm. -* 


for which these cal- 
this list of gases and 


Volume -22.4/2 Infers 

at 

0°C. and 160mm. 


I I- : ^ ---- 

Fio. 55. The gram-molecular volume 

\a extended indefinitely, always 

the corresponding calculations cou 

with the same result. gra m-niolecular volume 

This volume of 22.4 liters is known ast g ' ^ YO l u me winch 

and is commonly abbreviated ^ molecu , ar weight 

under standard conditions contains ex 3 
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lit 


tZEtttrrzr*-*- t “- «*■*» or, u,.„ 

«*fc*194 0*.edge uUnT ^ 


8.«. I *< uf ihr ^raiii.inolfi.,,1., \ ■ . 

Im ai i’r.tl.|,. m * ° U, " e 1,1 l,,t * s <*l'ingof I»r« r - 




** - r; »«'-»n.*l,,ul„r volume Ls a wrfantlv JL.C : 

. .. * mi ntaK riin.u |, i"!.• , " ""'V '• 

**** **>" pr*il»l»-in. »|,j,|, iiri . rrenii. nil ***' " 

«•« kwt more tim.-. .* ' " r " 1 '*' **■ "«»<• diili'-iilr 

Calculation «f \|ol«.„| Mr , o _ 

fur the calculation of ,.i' f'°’ , *" n ‘ was out- 

jwo a comp .riatm with the ... J,» of ** ""! , ' kJ fl ‘ 11 ^‘P^ided 

«f km»wn raolis ular weiirht lu , 'y OHM <•! ;• 11 «»t |„ r nas 

«**- ..I ..Ifur dioxide ] .. 7"** 

Although this *i j 7 "? h>dr ‘'*»* ;l * » 

mm* that <*oe , »*., * Umtk . ^ tl > '""'"I- ■< «!<*•* 

«*• tabula f-d t| R . nf , p handlHM.ks Mia n- sij< /i data 

v«4uiim* of hvdnjgML " 11 ni so,,,e otI ‘* r definite 

8 •». •* w« shown that « givao aaniple of n : fr#WM 

||Mm||i y • vo| umr of 5( , t( 1 ST | , •2. Wt * ,Kl,s 

f II,. ^„„-,044fv„|. l r \olufu.. it J ,n " li,ri 

■tori weul.t „ ,,,'i MWW in |j,,. rs 

'awiS.t.IuKIN-, till .1 ..lav .. . - .1 . , . * J,l * rs, 


warn 

0.0025 



Mol. H t. 4k 



• »-**n 0 . 0*25 




V jr 


Viol. »!. of nitro^n ■ ?•”*•* 

1 <; is is 1 i s 50 


•»<> 


. 100 




mb. 


*TO 


rn.it 


*■•»!«fa.jnlw; "ifM Jr 1-Vrm * ‘2 n,pound * H * '"if 

.. .i,. „,i„.no)^ , .H f hV^iS r ' ! 7 w f 

► 1 ' , ”i'* }.'•<> i«i ^iven b> 

, 8.074jB8 x 22.400 

> 8 



- wrl. , u f , 






61 


■‘“t.. '■*> 7 '^ w. 

> v v 4 • r ^ ,r use in a 
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merit a chemist needed 2000 g. of hydrogen sulfide gas The 

only hydrogen sulfi f and at 30°C. The question w as 

150-liter t ank at a pressure ot 10 a . sufficient for the 

whether the weight of hydrogen sulfide m the tank 

experiment. , d . th use G f the grain- 

The answer to this ques ion may be h > sulfide coll . 

molecular-volume relationship. At ny g 

tained in this tank would occupy a volume of 


\ S.T.P. 


273 ^ 10 X 760 
150 X .^.-a X 


303 


1350 liters 


76* 1 


. ir.ri<i (r\\ ST P ) weighs 34.016 g. (the 

®l 2 moli7arwitXWnsulfi^).' The weight of H,S in the 
tank is therefore readily calculated as follows: 


Wt. of H 2 S __ 34.016 


1350 


22.1 


34.016 


= 2050 g. 

or 50 g. in excess of the required amount^^ ^ Qrder to ca ] c ulate the 

To consider another example, , -ne (PH S ), it is convenient 

*»» u .h. n. w. 

liters of PHs at S.T.P. Hence, 34.02 

Wt. of 1 liter of PH 3 = 



= L.5189 g. 


Consumed in or Produced by 

_ _* rPI 1 ! I*- 


Calculation "^^I’imn and oxygen may be repre- 

< hcnrical Reactions. I he uiuoi 

seated by the following equation: 

4Fe + 30.—=► 2Fe 2 0 3 

f nXN ... ,, required to burn a 

if one Wished to know the be cdculaied 

given quantity find the volume reqmred. 

divided by the weight of 1 hter of oxyg 









relative weights of molecules 


See. 8.9] 

■-- 1 ■ I ▼ L. vmiimv r 1L k A p-^i __ 

However a simpler procedure is now available Ti 
provides the information that the burning Tr T" 1 T,e equatlon 

(3 X 22.4 = 67.2 liters) at S T p gra " 1 " rno,ec, ; ,ar volumes of oxygen 

required to burn, for example, 266 o- of 06 ’ ^ V °! Ume of °Vygen 
follows: ' ° 1,011 1,1 1 he calculated as 


Vol. of 0 
266 


67.2 


223.36 


Vol. of 0 2 = 266 X 67 2 


223.36 


— 80 liters 

aTothe, conTtlo™ o/tL^alu *° ^ 8 ° the vol ““ e under 

b stit of ; he ,aw8 may be 

directly in *• so 'ved 

volume relationship. ‘ " PP tlon of the gram-molecular- 

*•8. Molecular Weights of Liquids and Solids 

tion xssszsz : a nly for s* d “ a - 

=s z tzzEZS As? 

weight of a known volume of the taoor 17‘ °* S ° hd and dete ™'ine the 
and pressure. From these data ashas 7' Y “ n ™’ ient temperature 
^molecular weight may be calculated. 

solids, however, whose molecules i y ,1( I ul ds and 

Physical state; still others are essential? ° lange _ wHh ch ange in 

instances, it is necessary to resort tn rtf l Y nonvolatile. In these 

upon a knowledge of the prope^”^^^^ 

8 9. Avogadro Number i 

~X" gr zsrr, 

es -*=£ s:ztTo;ir,s i r™- 

—s ““ts'xti; «*5Sssjg 

accurate is that given a7v e 8 ”“ aBy aCce P ted * being the ,n7t 
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GENERAL EXERCISES 

1. Distinguish clearly betweeu absolute and relative weights of molecules. 

2. State (a) Avogadm’s law. <!>’ (iay-Lussai* * law. , , 

.1 On tin* basis of the reaction between nitrogen and hydrogen p . • • ), P 

argument leading to the eonebision that the n.t.og. • ml anmm i- 

4 On the basis of Vvogadro’s law. show that the chlorine molecule is approx. 

„,atelv two times as heax > as the hydrogen sull.de moleeule. 

- If tie- r ites ..I dill'iisiuii of two gases are measuied .n < u.a < . < 

;,r . £ known, hi these date he wed .ha,late the meleeula, 

weight of the other gas? Explain. 

PROBLEMS 

I r „ /.ortnin iras at 23°C. and 771 mm. weighs 0.0937 g. 

[ \ 88-cc. sample of a certain gas a . . , ... .. reference 

*• 1 , . . * . r tTH< * ilcintr hydrogen as a reieit,iiLc 

\ l « mnWlllnr Weight OI tlllS ga* liMUjn H , 

<1 t alenlate tie mol. >- nilron n as tie reference sub- 

22T« cffi t n,..h- ,.h„ .** ..I .his ..** . -.- 

.. 7... *v.0-2...... .. is...— 

tlie gas i . r no / - 1>( ^ r cent carbon and 17*85 per t i nt 

3 . \ gaseous . 01111 . 01111.1 . ..Iisis. s o _. • is formula of 

hydrogen; at S.T.1> . 500 CC. pi tins gas «e.gl.s L .,000 _■ 

the coniPonnd? . , .1 l.vdro.'en oid\. the ratio hy weight 

** .... < ^«- **** 0,8491 g * 

^ -upi,. hy 1 g. of .... 

tie- vapor state at 75 C. and 2 atm. 1"' """ f oitrogen dioxide 

„ the ..in litersi corres,.o,.dmg «<• ■>•< h 

i \t >,i at S T !*• ? I 1 100 a. what volume (ill liters) of oxyg«B 

7 11 1 , " 1 of >'*t'ml -.xygi*" , | liter of linni.l oxygen at S 1.1*. ? 

.»•*. . ."" .. lrf ....«»•••.. 

Jt. Nitrogen gas is stored - - < ( ,ntaine.l in the cylinder «n.l. 

«f 41.32 liteis. ||ow mm.N grams ol mtiog. n a. 

tl.ene eoielilioiis? ^... What is the weight tin g 1 " 1 "s. <>l 

....J I. i i .1- i h imila >i * * i " 1,1,1 

i; \ cornp<aiii(i I' 1 ' 11 "• J ^ 

110 CC. or this gas at l* ' •• „ *„,. alv contain.*! in 17.0 liters o 

10. lb iw runn y grama Cm caroor 

i lim ( ' |||id t ,ifi itini ■ ■ \tihiiiionf8..thtci at 

,rnH t' Mai ' • . tllHi i nri'iiiiK 1 ^ a nihiimh > 

11 \ ... Mg**® brU,n,< .!* g S , lf ||u compound are contained in tins 

C. mid 710 mm. I low many gi« • 

•ample ‘ f -w. i, e collected over mercury "< •" ' 

..... * “•»«» *• . .. 

13. The weight ol 0.5 «'*• ** “ M ,,,,,,, K 

mule. .da. weight of this gUS. occuiiies a vohme* <>f ®®* at UU 

M IfO l .useompoun M MlllIII | ? 

1.5 wh.t i. the.. . Ih"- I 






Chap. 8] 


RELATIVE WEIGHTS OF MOLECULES 


115 


Jupila “votmToffi-T'" ?X£ 0f the g!,Se0U8 “"“IX"”* *•»« *• of which 
occupies a \oIume ol 6o.5 cc. at 85°C. and 757 mm » 

hKOH^S^MrO^^KBr^Ho " 1 h br0n,a ‘ e b * th * 

fat go°C anrl Ann \ i .u + 3Hz0 ’ how many liters of bromine gas 
' , - , 600 ""»'•) would be required to react with 1.5 g. of KOH? 

I.- Ten liters of carbon dioxide (CO,) gas (at 25°C. and 770 mm.) were produced 

~ f?; + - Hci - co ’+ f, =°+2N«a. what fr.eZ, „rf 

mole ot IN a 2 C.U 3 reacted? 

18. Nitric oxide can be formed by the reaction 

3Cu + 8 HNO, — 2 NO + 4 H 2 0 + 3Cu(N0 3 ) 2 . 

If the NO gas h collected at 0 »C. and 750 mm., what volume could be formed if 

1 g. ol copper is used in the reaction? IFVr^ ... • , . 

10 On ti u r *i (lliXpress answer m cubic centimeters.) 

19. On the basis of the equation given in Prob. 18, calculate the weight of 

copper (in grams) required to produce 5 liters of nitric oxide if the . f 

at 15°C. and 740 mm. d ’ ' ,e gas 1S coI1 ected 

sl GGESTED READING 

See references at the end of Chap. 2. 


CHAPTER 9 

PREPARATION AND PROPERTIES OF HYDROGEN, 

RELATIVE ACTIVITY OF METALS 

Hydrogeu occupies a unique position among llie elements in Hint 
it is the lightest known elemental substance. It occurs on the ear 
in tremendous quantities in combination with other dements and ... 
like quantity (but in the uncombined condition) in the at mosphere o 
the sun In 1766, Cavendish prepared hydrogen by a number 
methods and studied many of its properties. He called „ -V ---' 

oi r and apparently UU 3 Z 

later Lavoisier showed that this gas is one oi me comp 

and gave it the name hydrogen , which means water former. 

9.1. Laboratory Methods for the Preparation of Hydrogen 

There are three convenient methods by means of "hich hydrogen 
is usually prepared for small-scaje *£**£■„ ^ ^ 

« or more nonmeta.s, e.g.. hydro- 

let tith certain of th. me,;... ^ ^n 0,'e" 

the metals are found to be combined with tin »"' net ^ action , tha( 

originally combined vnth hy represented by the 

serve to illustrate this method ot preparation am v 

following equations: 

Zn + U2SO4— ^ ZnSCh + H 2 
2^ a + 2I1CI —> 2NaC 1 IL 

2AI + 2 H 3 PO 4 -»• 2 AIPO 4 + 3H 2 

Phosphoric acid 


Mg 4 * 2HC2H3O2 

Acetic acid 


J^Ig (CjHsOi)? “1“ ^2 


Not all acids can be used in the 

and concentrated sulfuric acid react with me 

116 



preparation and properties of hydrogen 


Sec. 9 n 1 ] 

- ' B 1 ^ i i riti iMkunuc /^r » ^ 

117 

Lio^uii t m * “-<•«— 

other metab are incapable of reaction winds’'' 1 a™' 

chloric acid or dilute sulfuric acid are thp k , Z lydr °‘ 

employed in the laboratory for the nreoarat^ &, 'n T** M ° St often 

occur at the same rate. Som P l?i h dlff ? rent met * ls do not all 

what more slowly and still othp & S /**? vl ^ orous, y> others some- 
at all. Y ’ d St '" others react only extremely slowly or not 



fite r7Sl of 

«— in bo,tbs c ifg"* 1,ber » ted *> ooltected by 

Preparation from Metals n „ j w 

capable of displacing the hydrogen from cert 0 ™*.? Certain metals *» 

Peratures, the metal At ordinary ten,! 

reaction that is extremely vigorous hydrogen fron > cold water in a 


2,Na + 2 II 0 H -► 2 NaOH + H. 
> 


rp. - ^ ^>«un f Jl 2 

sis’ts of a^nfeW In CO "f “ tions of «*type is k nowi, as a 6. 

If the metal magnesium is a|| n l f ydrogen oxygen, 
ion IS very slow. With hot water h° Wlth cold water, the reac 

an appreciable rate. ’ however - hydrogen is liberated at 


Mg -f 21 Inn 


Mg (OH) 


*f* H 
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The metal iron does^ tte n'artilm pl^s' m'a'rat* such 

SI may be used in the laboratory preparation (or commercial 
production) of hydrogen. 

3 Ye + 411 OH -* Fe 3 0 4 + 4H* 

In this particular reaction, an oxide and not a hydroxide is formed as a 

by ,Tstuld be emphasized that-.-"f 1 ' ^ ^ 
that, those which react do so a m v f ew of the metals, such 

accompanied by the ^ (wto)^ + H, 

2A1 + 6NaOH -> 2(NaO) s Al + 3H 2 

x. 0 ,tf the same general character but 
H- “ for the preparation of 

^gen tlc actmn of bases on metals is the least used. 


9.2. Order of Activity of **“*• of metals with (1) acids, (2) 

When the reactions of a larg e]ementSi a „d (6) other corn- 

metals react at dilfcrcnt rule*. ^ I Canges Mcas- 

different tendencies toward par w ^ various substances 

ureinciit of tin; rates at.whir , bHshmen t of a definite order o 

activity” such as that given ... Table 0 * lhe „„.,al in tins 

listed in fa rrasma order of ’ to rcac t. For the sakeo 

series the greater is its aetivi y «op\ls have been omitted, >n 

S^ymany of les » /'huhideall the known metals, 

such a list, could be established rent i Y ^ Table 10 depends upon 

their r...«?*• «* 1 ^ 

included, .. shows tihe *"* ^ > to do so »a 

from Its outermost, shell, go not&aaium atoms, bu 

moms lose clecUoM l^ rcam.^ ^ ol „,. lro n,constjtutos^ 

readily than calcium atoms. Table 10 reflect 

fmn.t. 

tive ease of oxidation, .«"«i 
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reducing agents. Thus, magnesium is a better reducing agent limn 

• S/2STE7T ato T loee c,cclro " s /- i" 

From this it follows that the strongest reducing agents (weakest 
ng agents) are those metals listed toward the top of Table 10. 

found among the metals are tho/e hid l^SSStSSSMSKS 

table 10 

Okdkh of Activity of Metals 

Potassium 
Barium 
Calci urn 
Sodium 
Magnesium 
AI uminurn 

Manganese 

Zinc 

Chromium 

Iron 

Cadmium 

Nickel 

Tin 

Lead 

Hydrogen 

Bismuth 

Copper 

Silver 

Mercury 

Plati num 

Gold 

Tahle 10 is '™rth y of 

similarities to the metals. HydroLt r '?^" exhibits many 
vides a line of demarcation between th lnC ud f d a,so because it pro- 
Which will not react with aoids tUhtaTe h'vd WhiCh , Wil1 a ' ,d those 

r Mt'fT 9 may be mad?™' " ^ C ° nnec ‘ 

1. Metals above hydrogen react wit? , • , , ®‘ 

nitric and concentrated sulfuric) to f * S ,^ ot ^ er t ^ an on es such as 

of hydrogen. ><•"«<>" do not react with acids with liberation 

;; I0 m Wow hydrom * i i • , 

as nitric and concentrated «a*?fari C to fajL, mn ?* react aradsairrh 
than hydrogen. form sa,ts and products other 
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4. Platinum and gold do not read will. I"'"' " . . 

ihasp metals are slowly attacked by «./«« ' ln> 1,n " r " ' 

consists of a mixture of ... mine and . ..u. .mir., . < y 

Chloric acids The reactions with platinum and sold depend upon the 
premnoecfel .. chlorine, which is formed by a reaction be, .. 

ie two concentrated acids.) 


9.3. Radicals 

Tim equations written to represent the reactions by means of w inch 

hydrogen may be prepan d present some problems I mt re.pnr. 

comment. In the equation. 


Zn + H 2 S0 



4 + Ha 


M A 1 L | * im * 

.. n q 0 f the formula for the acid is also a part of the formula 

was unaltered m the course of the re. r * osofat oi as which behave 

equations reve ^ th ® p ^ es ^ nce ^ N 0 . Such groups of atoms are 

r larly ’ ^ ^^S2S as a group of atomsthat 
known as radicals. Aran .* in a chemical reaction. Where 
behaves as an unaltere 1 , ue kin( f 0 f ra dical are present, 

different radicals or two or mor r „ Hi pals usually enclosed in 

ssst*5.? r 

of the common radicals can be disrupte y 

attack. 

94 Valence of Common Elements and Radicals 

1 • faH out in Sec 4 II* the concept of valence is <[u 

Although as pointed out m the nature of the chemical 

arbitrary unless consi er nevertheless one of conven- 

bonds involved, this arbitraryincept is ne ^ eyen thou ,, h 

ience. Chemical formulas an eqm ^ c 0V alent character of the 

little or nothing is known about_i Q th basis G f only a limited 

chemical combinations represented. 0 ^ compoun ds, the for- 

mulas for many other compounds yj> correct formula 

Suppose, for sample, ttat represent the numbers . 

o 
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gen atom has o electrons in its outermost shell, it tends to gain 3 elec¬ 
trons or to share three pairs of electrons so as to achieve an inert-gas 

' r | Vf^| Slmi | r | - ma - , "' s,lnn ,V,nns a compound having the for- 
,,UI . ' , and tJ ' ,s 18 an lonic compound formed when the ma- 

ipium atom the 2 electrons in the outermost shell and these2 

f* g T b r the 2 atoms. Consequently, one 

it r ir t.UY ^ 1,n that f, ' e va,erKe of magnesium is 2. From this 
, f that i i, in magnesium nitride, 1 atom of magnesium loses 2 

••I" irons, this is one less than the number required by the nitrogen 

Table 11 

_ ^ a le.nce of < Common (Elements 

j : '* T 

Uni valent 

(valence = J) 



Divalent 
valence = 2 


Trivaient 

(valence = 3 


Tetra valent 
< valence = 1) 


\a 

k 

Ag 

Cu 

1% 


Hr 

P 

H 


a 

i 



Metals 


f 

Cd 

-’Mg j 


Ca 

M a 

AJ 

Ha 

Hf. j 

Gi 

1 u 

Sn 

j 

Fe 

Fe 

Zn I 

Cr 

JPb 


1 

! 


on metals 


O 

s 

1 

N | 

P 


j !■ J 

B j 


Sn 

Pb 


Si 

C 


t0tal rf « electron; 

<3 "' I' . Accordingly. the correct "*"««• 

"itn.j. , m ,st be \lg,\ , The „ i formula for magnesium 

*.. ... in tcms „f dZ „ f °T . S '° n 18 reached *>y ‘ h « 

of lost :,: d coined. ° nS Shared rathcr «»» in 

metol, m 3 b n the m ° re COmm, m 

S .-. 

'"formation givcu'i,, Tahiti I L!n "|,'T i' f «“ b< ‘" ds ' nVo1 *•*> 

12 leads to the conclusion that 
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tlir formula for chromium bromide must In- ( rl’>r.. tie* formula fot 
roppci oxide mas be either • i.t) or < u*0, that for calcium 

Ca(CiHiOi)j, etc. 

JT f||| f - T\BLE 12 

Common R vriK 


I < in 


Formula V i^l* **i< ^ 


\ in »ni uni 

Hydroxyl < >i l» v <lrn\ide 
Nit rote. . 


a * ft 


• • » 


• » * • 


Nitrite. 

\(’t‘l Mil' 

Chlorate 
( hlorih*. 
f f \ puf lil' >ri I • 

^ 111 i; 11 < * 


Sullitr 
Garb* matt*. 

Pho>i »hot t* 
IMi« *^|*hil 


• * * 


* * « 


# * * » 


mi; 

oi r 
no; 

\» >; 

GjH i iOj 

a< >r 

CM >t 


( i< ‘ 


l 

1 

1 

1 

I 


1 



The problem of writing the equation for the »«*><>" 
. mium ami phosphoric a< id serves a» an additional i 


( ,1 4 H Pth—* t :d*(Pf)*)* 4 II 


2 


__ | |* *■» tW of the PC »4 radical is 3: h- u< < . the formula 

The valence ol .1 that Ml. y and 

for the salt, cadmium phosphate, must tie 


Cd 4- H»PC4 


4)1 + a 


The formula Cdi(P0*)» require^ that at least 3 atoms of Cd ** * 
molecules of H*P0 4 be used, 

3 C.d — 2 H 3 PO 4 —► Cdi(POi)i + Hj 


. . c opr on nrovides a total of 6 atom* of hydrogen or 3 

molecules. 3H 2 . The complete and balanced equat 


3Cd 4 2 H 5 PO 4 — Cd*(P0 4 )* 4 

9.5. Determination of Equivalent ^ eights of Metals 

Measurement of the volumes of h > dr 
between metals and acids provides a s 
determining equivalent weight ~ 



fj reaction 





f metals. If, for example, 1 gra® 
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“"52 f 8 ° dium <^" 7 *•>. ' gram-atomic weight of zinc 

' ■ ."mI I gram-atomic weight of aluminum (26.97 g.) are each 

reated separately with an excess of dilute sulfuric acid hydrogen is 

'V r ( ' !U r P* relative volumes of hydrogen (rorrect'cd to 

!" ‘ ,n ° 0adlUom \ liberated by gram-atomic weights of the three 

m-tals are represented by Fig. 57. s uie inree 

It is lound that I gram-atomic weight of sodium rirr.,,1. , 

atomic weight of hydro",■„ , | „tr ff \ * T t * i dlS P ,aces 1 ^ ran1 ’ 

* ‘ e " U>UU8 g*>. J his is 1 equivalent weight of 



h>dn m, that equivalent to 8 g of oxvtr.-n o o\ 

sequent|y the equivalent „,i, r |„ (>f ^S 851 (See. 2.2), and con- 

«on »i.i, add 1,6 22997 *• 

.a «. -ml .."d,r,' r V" •' eleotron 1 

, °. h f will, a l-d,wlro7 , ! 0d ' U 7' Slhereforeseen 

" of dn, morales twice as „,„<|, l,vdr,,.7,fiW« ran -«‘oralc 
< MU. weight oI sodium. That is t " ^ ° 7 ) as one gram- 

.h. ra" - -..*16 „ or ..liviUen.s. Of hydro ""Zdu e>!Shl ° f 2i " C 

"•> J8 2 = 32.60 g. ; .I“*«*«‘ wight of zinc must be 

gram atomic weights of hydrogen an d .1 n ,,bera tes 

' alu, is 26 .',: J _ 8.,, •„ “f «|mv«lent weight 

»«fceewdent thefe, tl,.„ th. . , 1u 77 a | e T , i m " S should also 

*e*gl,l divided by the 1 " l " e, * ht 1 
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l„ order L. determine equivalent weight, of medals in the laboratory 
bv means of reactions between metals and acids, it is necessary on > 
measure the volume of hydrogen liberated at known temperature and 
barometric pressure by a known weight of the metal in question, for 
example 0.1 g. of aluminum was found to react wit excess su^ 
acid to liberate a volume of hydrogen which, when corrected to stand¬ 
weight of aluminum is that which would liberate 1 gmm-almnc weight 

molecular weight of hydrogen occupies a volume of - 1 Id. is at 
ard conditions). Hence, by simple proportion, 

11,200 X 0.1 

Equiv. wt. of A 1 — 124.6 

= 8.99 g. 

9 6. Commercial Methods for the Preparation of Hydrogen 

Of the methods given for the laboratory preparatmn of hydrogen, 
only the reaction be^ee^and Some hydrogen 

•fpiXed commercially by the catalytic decomposition of ammonia. 


2NH 


No + 3H 2 


and some is obtained as a by-pr<xiuet of the production of chlorine, 

alcohols and other ercia i me thod for the production 

Bosch Process. The clue involves the reaction 

of hydrogen is known as the p 

between steam and hot carbon. 

c + H 2 O —► CO + Ho 

The mixture of 

The carbon monoxide then iea« is wnu a 
dioxide and more hydrogen. 

CO + H*0—* CO* + H 2 

r *k rn mid ll 2 is accomplished by dissolving the 
The separation of the CO* and , • ,4 condit ions only a veiy 

C (in water under high pressures under winch 

small quantity of the hydrogen is drived. similor to the Bosch 

Preparation from Methane. A ...eth«l methane 

pn .cess is that which d^«p« « 0 „ d steam , 
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CH 4 + II 2 0 —► CO + 3H. 

CO + H 2 0 —> C0 2 -f H 2 

Innectnw "h tlm Z,W„ b ,- h ° ll"7 7 ** ?* eribed in 

methane in COntaCt With TeS *£">n i»n< Ks at 

in See P( T| by ^ the E,ec . trolvsis of Water. It was pointed out 
in Sec. 5.1 that the decomposition of water by means of an drciric eur 

ent provides a means of securing oxygen gas on a commercial scale 
At the same time hydrogen gas is liberated. 

2H 2 0 -> 2H 2 + 0 , 

** * *0 

feniatdv 6 the l ”° «™* may be colled,-d 

p j- y ’ tb °ugh this method is not so extensively used as t he i 

production of two common and import^ gST " S " nuU “'“™ 


9.7. Physical Properties of Hydrogen 


■r ^ ^ 

Hydrogen is a colorless, odorless, tasteless eat wh; . 1 , • in . 

water only to the extent of 1 78 cc ner I mi 8 f 18 solubIe «* 

.1 1 , _ L XJl l -*° cc, per mo ec. of water *»t 9n°r* r* • 

ie g 1 est known gas, having a density of 0.0899 g. per liter at i T i>* 
and is nearly 14.5 times lighter than air ini • ... 

properties of hydrogen are critical * * * F significant physical 

temperature = ^ 2?2 7 R°p r . ~oy.y L, M boiling 

■ ™ 78 C » ai,f * freezing temperature = -259.2°C 


9.8. Chemical Behavior of Hydrogen 


except theTnert gas^and7iUw!mny7nhe > met-ds*'!s w. If 16 , IJ!| 1,net;ds 
elements require elevated temperatures. ^ " hydro S en and the 


2 Na + J| 2 


Ca -f H 


S *f Iio 

u 


2P + 3H 2 


2NaH 

Sodium hydride 

Call. 

Calcium hydride 

h 2 s 

Hydrogen sulfide 

2PH 3 

Phosphine 
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Of particular importance is the formation of water by the direct union 
of hydrogen and oxygen. This reaction does not occur at all at ordi¬ 
nary temperatures but occurs slowly at 500°C. and almost instan¬ 
taneously at 700°. This reaction is catalyzed by finely divided 
platinum (P ), palladium (Pd), iron, iron oxide etc. These and o.her 
catalysts have the property of absorbing (or adsorb.ng) huge quant,- 
ties of hydrogen on their surfaces, and the catalytic action pro a y is 
due to the resulting localized increase in the —^onof^y<kogen 

surfaced the catalyst. For example, 1 volume of powdered palladmm 
™tal is capable of absorbing about 800 volumes of hydrogen at ord,- 

na WhenTwo parts by volume of hydrogen and one part by volume of 

oxygen are brought together, the «£»»£• ^’^"or is 
explosive violence by a flame «r suf r ere d by 

balloons and other lighter-than-air craft filled * hydrogem a 

. . , . + i . i in7! ,rH of exnlosions due to lgmiion 

Craf . t mJmre of hydrogen and air by electric sparks, lightning. 

explosive mixtnre ^ hydrogen burns wit h a colorless 



tures, hydrogen '^(Tcontained in the compound. At 

r 1 !’ li'mneraUires hydrogen removes and unites with the oxygen con- 
tained in the oxides of certain metals (Fig. 58). 


CuO 

Fe 3 < U + 




<> 


o 


Cu + H 2 0 
[ \ I 1 0 11 I 2^ 


• 1 • .linn reduction reactions, and the metal 

These changes are typical oxidatioi 

oxides are said to be educed order Q f activity of 

It is enlightening toremoved from oxides of the 
metals, the ease willi w u **• . (Table 10), oxygen may be 

metals. Whirl ing a I ''' ^ cold! platinum, mercury, and silver 

removed readily from the oud ... » d inc i u dmg iron, 

merely by the application ol heat, from s.ivti . - 


metals above iron aie su.’ 7 “ oxides require* 

d,., (imposition), and the removal ot * p al , ,|iis it may be 

still more vigorous modes of chemical attack. 
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l'"'"' 1 ".' 1 '' 1 that the metals that slam! Iiigh. st i„ the order of activity 
in general, the .„„sl stable compounds. J 



. . . . *• ..jr 


l 


i—r 


w 

,029 

81 


L 

J j 


scs ol ^ I ^ (lrogcii 

il.J n vm^8 11of hyd "* a n in 
proportions. Large quantities of hydrogen enornious 

<* hydrogen is required t ton of JJ* ** to 5000 *, ft. 

mass which may he used as a suhstit it r °? ° nsee d °d to a semisolid 
of soap. Another larm's^ p , “ ° r in the manufacture 

coal. In this process^a part "* ^ hydro g ena tion of 

which gasoline and lubricating oils mavVe^K?^ ^ 3 Hght oil from 
used m the production of methyl alcohol r**°. a \ ne< ?' Hydrogen is 
catalyzed reaction between hydrogen a I T°° d ^cohol”) by the 
applications include the use of hydrogen as aT^ n ?° noxide - Other 
gen torch and as a reducing a-ent inTh fuel . ln the at °mic-hydro- 
l:un metaLs. Despite I he danger of air” 1 ”? 81 Production of cer. 
or tl,«* inflation of balloons and dirigibles in the lydr ° gen ls stil1 used 

helium is not available. ° “ those countries to which 


general exercisfs 


iree commercial 
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« U . * iwtt I.oj. i < » anil II **•*»' • *■ 

2 _ r r grlnS 1^4^ 

.. hud .Ml M"W- - r*“"* 

. » « _ -* —— > -- i>m, it \ H*R 



■lIn>4 * li< f*M»> ny.i.-w. ’ 

S. Writ** formal** f'* * l ** -r ^ 

of the f«Jl"*>"* !*•« ! •’* mmt * : 





I c\ 


C J* 


tf) 


I* 



|V»t RWUin M * 1*1 •‘•Htfut 

Mnimmgi •*** W»I* 

Si I ,. 'I I'l • Iwn* 

I * i MBUiti and rhl«irin»* 
Suliuin nnd >4 ro 
Hitriuua mid 


h 

.1 


t 

k 


m r 



i 


l^nnufit iiftldl #«*(»*«** 
lUMtttitK mmi 
IWoti w*i l *^ ****** 
Schott* 

; ttslhif 

I *aJakkiftM am! 



I hlCffT'ii Ul MM 

I *!'•• * ,a * ' "TT _ . ,J| 

’ 1 . .iheo-IT.-M* '“I’ 1 * < ** T * rt »* 

nr ll' ti. «"'l * ,,,,, * B ** ’ 



(a) 

I h) 
ic) 

mI 

i r' 

tjf) 


W 

(fc) 

(0 

</> 


|i nuth (luftfW i'il » 

Muiiiimioi 

/.ih«- chlon'l** /.•»! * 

14*ii<l (C'liil". HI* < C ?l I d M» 

fjMuin oilrit*\ C» 
Vlotoinutn l»>drnii«l'‘. M ' " 

Iron ^ r * ’** 3 

('iuli)iiuiii 'lifid**. CdS 
|tyt<*«ium chlorate. *■ CIO* 

('lin'inmiTi tiiSf i*t''. t - r M 


- NS hat r» the vide*** of u) h*(I*0* - ^ N> » 6,0 

•'• \miCM * ‘I Mn ‘’* JSUoLv Ml -• 

))(M>i>k t*> (V 0 ^ *7_ «._ . , { 

* J A —, rUiixr lh<r 1 

■ ' '.TV hT, . J HU, 

a) Hjfc. W ‘S* 1 *- *l! 







f, .Howintf f null . - 

, s*>, . ./> B* ,p™ .. . 

e, if tii** <»« I* ” * 

_^ ,»*> f a Uo«ins compound 

Hil . (#) V ' KfaS ** 

T TIm* WM"f f , 

t In’Tinul decomp^>^»i«; , °* 





I I I I Bn.) il (?TI itHlOl 

1UGL * *•**» 

^ of ■piwlo-'iiat • ; 'SP* 

tjuwcwlei! **• ., . ,—^.ioicif ■-.yi*****■ 

. t k r< > d*T* n ® <n ^®* ^ • 


\N rile equations ('>r • b «•«*■ '** (I ‘ 


hkh 







o) VtA‘ 


beat 

, >t o •* 

’>• MA 4- hydro**® 




& ZnO 
rf ] fll 
Cu<> 


Hi <», - fc> 






Emh of tho i«lkni»«f I—- ' * 

- d r (lf we in the p«¥*» u : 1 *l 
* ,Ml .- nMwMe, write eqwatwma 

f,u pifllioO ^ |iOwM 




) or t W 



{d’ 



> 



ftrMchi ttir *< 

- pbi^ .l*^ 

_ tHtric •<■»<* 


b M 



fL If ^ . 

hmtioum alloyr m •* 




triiT ^ ^ 

dp 
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PROBLEMS 

I wdg, ‘ t l of ! i, ‘ squired to produce 22 tons of hydrogen gas. 

~ *>•■> •haw of I. mIi, g.-n m cubic centimeters, at S.T.P.) will be nro- 

of"? j grani-atornic wei.ht ,, fc dnwoived in dilute sulfuric acid? (i) 

\\b«t v, , , would tin, hvdrogen occupy if it had la-en coUected over .reurv in 

i to«to > m * hieh the temperature wa* 30 1 1 and the harometric pressure was 


ir ."rjr» Kra,,, V,' f s ; ,lfuric - id « r r .. ^ dissolve exactly i * „ r 

,j , "T " f ' " l ’"‘ ' - "'i'neters at S.T.P. is liberated 

uunii. Hit t*»uf"** lit r Itis iPHchon) 

.1 l . f ,L| d rT” *** .•-•»«■■■ ... und 

iiN^M ° ^ H,n ,H lu,AN, ' ,m ' d "» the produi-timmrw 6 liters oi' 

nvui'.:* ii mea^uml ,it ^ T.P .\? IIMr>UI 

•. Calculate y had that will .. if ||,. of had oxide is reduced 

• ■ of bydr • .< am ed 

6 The metal im.-M.-,, it prodwed eommerciallv bv reducing the oxide vvn 

t;: ...»:' ij ........ . . ' we,8ht 

rltm man lit<*r> «*f h\ . it,. ,-n a 7 i> ,,111 • . 

-r 5 ~ 

... Of h\drogen at *n T P ! ^ h >' d, ' ,,hl<>ric acid, 

of thkmatal.' liberated. Calculate the equivalent weight 

i "at. lent ol t) i{ g. of a I net a] With excess »ei I , . 

.«e. ted ove« wrtar in a lalwato, v in which the 7 **? *9***™. "hich was 

barometric pressure « as 7 -,,, - . >> . '»perature was -. °C. and the 

.ta.b. 1 ,-... .. . «*«m .wo...... 

h>do V e„ when II L'7 J Lrtfd] « '’• la-ssium and water gave 3.24 cc. of 

"• equivalent weight of :—, U and 750 Calculate 

^ hall«*>n was partialis inflated with 1000 cu ft of i. a 
> tnin. I,, what volume would the hall.*.,, expand if it w~r "Tf" ^ a,,d 

»-TW.h«„„ i, 10 , , <nd lhe p r ^'Lf^ to “«"<* 
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CHAPTER 10 

SOLUTIONS 


. • , MinTures described in detail or used as illustrations up 

to this point hai e Dee emnliasis is placed upon react ion. 


to this point have ™ emphaeb is placed upon reactions 

liquids, or solids. H « re . a ’f ot the particular variety known a- 
:_w^Urinir mixtures, but nuxtu • atul ilir 


involving mixtures, u nux useful chemical products and tin-* 

solutions . The manufacture o \ < chemical change involve 

great majority of the more important types 

solutions either directly or md> 


10 . 1 . Nature of Solutions t he ability 

Everyone is familiar W ettingeffect is the result of an 

attraction between the dislodging single 

In many cases, these a ra, r , ^ e solid and in surrounding the 

lodged molecules dissoln in the liquid, and the result- 

ing mixture of solid ^vedmbq^ lu , iou in the form of single 

inolecules or very small mo __* per , , y 

tributed throughout the bo > le8 ghow no tendency to sttte 

homogeneous and the disso A inix ture of this character is 

out under the ndluei.ee of & ^ partic les consist of lar _ 

known as a true solution. < resulting mixture is P erfe * * 

clusters or groups of moh• * fimited tendency to set 

homogeneous, the is said to be a colo^ 

under the influence of gmv i T , ^ the particles - 


iu)iuw& ciiwi * 1 p 'x-, r > n a the nuxtuic 

under the influence of *»'•«>:* that the particles arc 

There is yet another possibddy. visible to tl 

SU eh size (ve^ Obviously heterogeneous a.id t he pa- 



such Size (very large ***** & 

unaided eye) that t h nn. distributed throughout the *< T aI . w 

by .... Unde 1 hclween tnu ^ 

*zf*tz* u « o„e <* .**« P - 

tions 
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A clear durtmctjoa must also lx- draw,, between solutions „„<! 
jwunds t las been established already that compounds ,.v ,„h 
Stances having absolutely definite composition, and this is 
not true of soluliotts. One may dissolve 1 B 

sugar ml liter of water, and in each case .X isXXd !! On, X 

subject toanyTl!'vnriat in,!""’ X"rdi»^Vv "iri’” “or- ,! ‘ 11 ” ' ' ‘^’l iS -'“ >t 
differ from compounds in that the composition ofXlLst vmiahie 

ill o r_ ... __ 


10 .2. Composition of Solutions 

A _ 


In view of the foregoing ideas concerning the nature of C ri «• 
solution may be define u nature ol solutions, a 

position of which may be varfed bet° geneOUS miXtUre the <om - 

Th«» *w« components 7 ' « 

relative quantities involved • tl^ «« y acsi *= nat f d 1,1 terns o i the 

is usually called the solvent For TxauioC T^' 1 ] *5 ,ar " er Y 

homogeneous mixture of 10 - of ordiinr ’ f ^ Solu J lon consists of a 

water, the salt is the solute and the water is the Xlvem “ff *' ° f 

a homogeneous mixture consisted of inn J If, however, 

alcohol, a clear distinction between solute^'' “i""' i '"' 1 g ' 
made except on some wholly arbitrary Xl n ‘ C ° U ' d " ol **■ 

10.3. Classification of dni,,.- 

State of the Solute and Solvent - * ° f the Phvsical 


piX'" SSKJjcsi" ‘ "“>»*• “• 

St S“£=-== 

types, together with suitable exim.i tf? ,n,xtures - The nine 
queutdy exist as true “ * «"» «f ‘»ose which fre- 

geu^us miZfo?Zs ' 1 ^ other W 

“carbonated s „, 

m water. e gds fd "d other solutes) dissolved 

*^‘b^JXum^jf^beSXto ,,K nbSOrpli ° n of h >d"“ 

a gas is dissolved in a solid. UP ° n HS a ■&**&* in which 

4- Solutions of Liquids in Liauids Fv i 
and water. q ‘ Example: a mixture of alcohol 
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5. SolulionsofUv.ids inSoUds Example: I lie liquid metal mercury 

forms solutions with eertaio solid dissolved in water. 

6 . Solutions of Solids in Liquids. U. mpl ^ .. 

or any other of the many familiar examples 

type of solution. Fxamnle: the alloy known as brass 

7 Solutions of Solids in Solids, kxa p 

• consists of a solid solution of zinc in copper. 

8. Mixtures of Liquids and Gases. 

'£%£££& a given solve,,, is said to be soluUe 

in that solvent. 

10.4. Classification of Solutions in Terms of the Quantity o 

„”,, g of the concentration of ~ 

the quantity of solute per uni vo u ^ that are somewhat 

indefinite but nevertheless convey 
real meanings. Two purely relative 
designations are the terms concen¬ 
trated and dilute. Concern ra«l 

solutions are understood to b _ 
that are relatively nch in solut 
compared with dilute solut,o s m 
which the concentration of sola ■ 

relatively small. In an effort to 
qualify ^ these already indefimh' 

relations. Thus, one speaU »l 

ntrated - very dilute,” “ moderately dilute solutmns, 

* ‘highly concentrated, j 

etc. . lf | - tre ,. vl be of sugar is allowed to s * a, ' ( 

Saturated Solutions. . insufficient to dissolve all of 

in the presence of a quantity ^ ution and distribute them- 

sugar, molecules of the sohd sugar . > ^ liquid. At any gn - 

selves uniformly throughout the b y u . f . n tration of su*ai 

temperature, this process of these molecule, h ave the 

molecules in solution mcreas - ^ rale at w hieh "lolec ji 

tion and return to the sohd. In ti becomes equal to tl 

leaving the solution t he solid and entering the so ution 

rate at which molecules are leaving 



Fig. 59. Equilibrium between a 
solid and a saturated solution 
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L F t lg , f - . In °i her " ords ’ a condition of dynamic equilibrium becomes 

mtnrn^^k 1 ^ theSe conditions the solution is said to be 
* ^ AcC ° rdln " ly ’ a s «t«*-ated solution is one which is in 

equilibrium with an excess of the undissolved solute. 

in a situated Tt® T^ 1 ° f dynamic equilibrium exists 

a saturated solution. If a broken or otherwise imperfect crvstnl 

tL'"^T M , b f ',T‘"' S ° { “ ^ '" re) “ a saturated solution in which 
the solute is of the same composition as the crystal the solution 

emams saturated and the total weight of the crystal d,™ not chan” 

Thlir , I'T' feCti ° n in the Crysta ‘ tends tu »* re paired' 

K.,f , Q 4 P 110,11 an y or all surfaces of the crystal 

ut return from the solution to the crystal nrimnrilv ; +i y . 

" here the imperfection exists. pnmanly in the region 

necessary to use solutions containing rlpfi„;+ Q i ? u eniiy 

solute. Any solution of Unw - 8 “ . ! known quantities of 

solution. There are several ^! 1COnc ^ ntra * | lon 1S classed as a standard 
common use, ^nX^^u^ * “ "*«-• - 

w^a^TdtTJtt.^ °" e ——lecular 
one liter of solution. For example @ if I VCnt l ° exact, - v 

(1 mole) of alcohol (CoH 6 0) (46 s Hs’di i gra ?" molecular weight 
make 1 liter of solution the resulting Lf r° ^ m enOUgh Water to 

of .solution, this so,„,l*;\sTjrL V ; ( 2 ,n wr e l h W s atOT 1 ‘°” a ^ 1 1 liter 

he one-tenth molar (0.1 M) c 0 i nt - 10 X 46 — 4.6 g.) i S said to 

are particularly useful in the stud-Tof Th*'* ° n t,le i* aslaof molarity 

— of -hrti^X^! 0 ^^ i" « given vol- 

course. 6.02 x 10» molecules of solute a 0 5 d/J r C ° ntains ’ of 
one-half this number of molecules, etc. ° Utl ° n contains just 

V inolal solution is one • A 

weight of solute dissolved In i 0 0 ft nS1StS ° f ° nC gram " molec «lar 
dilute solutions 1000 g. of solvent and 1 ° f S ° lvent - Si ^e in 

~reatly different, a one-tenth molal % a ^ ater solution are not 
I/) solution may be practicallv identic^ TVh molar 

•mini and one molar solutions miebf he n ’ °i!, th ® ° ther hand > on e 

" ‘ nolaI Solutio - -e less frequently employ^ ° f tha 
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This type 
bet ween acids 


A third kind of standard solution is the n 
is discussed in connection with the stud} o 

and bases (Sec. 12.11). 

10.5. Solubility 

• t tiw-, moment to the discussion of saturation and to 

Returning for the moment to rue be dis _ 

—r n eTirtulrl be recalled that the extent to w men n ■ 

Fig. 59, it should Be limited. The quantity of solute 

solved by a fixed quail i y ° 1 so i V ent is called the sol a - 

that can be dissolved .nay be used, 

bilily of that soh.te A.UlKu «Y ^ per 100 g . („r 

solubihties are usually expr » are ij stc ,i 

too nd.) Of solvent. employed in 

in Table 13 together w . 0 f the indicated order of 

referring to substances lmvmg solub.ht.es ot 

"'^solutes are of limited The 

gases is without limit. since> e e°mP^ j n some cases , the solubility 

be adjusted to other liq uid-liquid mixtures no 
of liquids in liquids IS » _ sa id to be miscible m all 

such limitation exists and the two liquids 



ns 


Solubility of . 


T ABLE 13 
Some Solids in W ater 


\t m°c. 


Solute 


Solubility, g- 
solute per 100 
ml. water 


Qualitative 






Very soluble 


30.34 




Sparingly or slightly 

soluble 


0.005 
0.00013 
0.00023 


Insoluble* 


Sodium chlorate (Nat 'M >»)- • •. 

Magnesium nitrate [Mg( N bid 

Sodium chloride (NaCl).. -. 

Potassium nitrate (KNO,)---. 

Barium hydroxide [Bait )d 

I^ad chloride (PbCl*) ..••••• . 

Calcium sulfate (CaSO«).. 

Zinc lluoride (Znl .. 

Silver chloride (A.gCl).. 

Barium sulfate (BaSOd. 

olwnl.i t.'lv inuolulili-, but fur all 

* No gutwtauce is alisomwiy *“• “ ■ 1 

lability may be so considered. 

10.6. Factors That Infln. no. Solub.l.ty 0 „ly under 

The solubility of a pureof solids » «**<■ 

snocilied experimeidnl conditions. 
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US Ill 


■ » 

in lim£f** y d fl Pende j t , U,>< n tem P era ture, while the solubility of *ases 

t = y 2? S 

chen'k.r^c.'i™ ZZZ ° eaa ™* « » 

rr t r*i r 

- * & £ 

,Kliun, chloride i„ water. If * 

ml. of water at 18°C. If now the solubility of Na'ri ° f !' aC1 per 100 

with hydrogen chloride gas is determined, the * M ,'h"''T‘T 

much less than the above value t„ . lty ls found to be 

approach, if HC1 gas is bubbled into a^t ?! same point by another 
water, crystals of NaCl separate fr *t a ac * solution of NaCl in 

instances, the solubility 0 ^^ “t £ ^ ^ 

one or more other solutes. nanced b> the presence of 

( ° r * ° ne Solute 

those salts which dissolve without S ° ,UbIe than 

vent. The extensive solubility of at m . COmblna ^ on with the sol- 
due to the combination of molecules of OIUa ln . water ls to some extent 

solvent to form the base known as 1 ammoma with molecules of the 

kno ' vn as ammonium hydroxide. 

nii 3 -f n<)[!_> nh 4 oii 

biuinme is only slightly soluble in water hut . . . 

wnicr containing dissolved sodium hr n cxr L extens,vel >' wtaMe in 

solubility is believed to result from re^tijll bed^’ ' > "t this enhanced 

“*“■ bromide. It i 8 extremely difficuh i? T“" * bromin e and 

;! sharp 'inc of demarcation between tU ™possible, to draw 

do and those which do not involve dZST” SO ' Ution which 
Lnlcss otherwise specified, the following dk < i ha,, f is °f some sort. 

tap. 11 ) assumes that chemical reaction r C “ SSlon (as wel1 as that of 
I'd nrtsabsent or is without bearing u™,X, “ S ? lve " t “*» solute 

Influence of Temperature ami ^' to i ll «'*™il«tio„. 

t»asfs m Liquids. When a «lo • re u P° n the Solubilitv nf 

°° <: isallowe d to stand and wariTtorTOmt erliUed '' '''' ice water (« 

, are f en to «“**«* around the wall,of ™ peratur * 5Iaa » bubbles 
to nse to the surface and escape from the olutbrn T"" a " d ^ 

solution. This simple experi- 
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.,t thp solubility of the gas (in this case the air that was 
cut proves hrt •J • , s , ess * room temperature .it » •" 

already dissolved ! 1 ' f liquids <l. . rtata with an 

0 °C. In general, tne soiumui j & 

increase, in te^erato^ solubiliix of gaaee inmaiu with 

At any given temp • prop „ rl i„nnH.. tin- applied pn-ssnre. 

increase m pressure - ( 4 |f _ :IS is confined over unler m 

This is a slate,nen, of ^ ^ , . 1,1c vision (F* «> 

and the piston is at P°f ^ ! a -tain 

S« quantity of the gas is dissolved by the 

available solvent. If now the piston » 

so that the gas is placed under a pressure ^ 
atm. (position B), the so ubihty »f the g 

rlnnhled If a mixture oi gases is used, eacn 
doubled. extent . that is dependent 

gas dissolves l nressure in the mixture 

only upon its partial p f the ot her gases in 
and not upon the presence of the other fe a 

tJiemixture. PV ents that accompany the 

The sequence ot events md , 

ooening of a cold bottle of soda water ser 

illustrate the effects of both pressure and to®- 

PC dden evolntion of carbon dioxide gas pn - vide- 
evidence that this gas is less s oluble 

pberic o ’.empora'ure is shown by 

boille. The effect Stents of the bottle 



Fig. 60. Influence of 
pressure upon the solu¬ 
bility of a gas m a 

liquid. 


within the unopem G f carbon dioxide as the contents of thej^H 

the progressive liberatio lhe sur rounding atmospliere. 

slowly warm to the tempera lhe Solubility of Solids 

Influence of Temperature upon mcreu.e, with 

Liquids. In general, ^ solub.Uty a so ^ ^ , ci s „ . 

increase in temperature, fCaCrO.*) cerous sulfate [Ce 2 (- 

fatei (CaSOO, calcium ^ ve ^ just the oppose^,* 7 ; 

The solubility ol a number of soU _ f Q o to 10 0°C. are shown 

solubility over the temperature ran p 2 _ 0 an(J the tem - 

graphically in lug-d- solute dissolves until a n 

perature is then increased to 30 n becomes saturated 

at Z higher temperature from t be solution 

temperature oi -u » 
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au amount e qto that which dissolved because nf th* ; 

wS ,s o“i aM Trr cept ^ «• 

immediately when a saturated solution is oo«£ Atte^we” 



_ „ Ttmpe 5 rot U re-3 8 °’ ,0 ° l00 ‘ 

y “ Cert>,, ‘ »«"« and temperature 

:;-X SW %£&&&, f- 1 - than is 

;- * -.-saturated j£*£ ,7* 7 ° btai "' d "«% 

ompositten us the Ev(m "“on wuh a crystal of the same 

y dust particles, Which serve a. 
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centers about whichcrystal growth may occur. are s„fl...- .m t«. »"d«« 
enltaMi/ation Iron, a .upmatoratod .elution 

Rates of Solution. Particular!* in connection wi 1 *’ u ' 

li.ls ill liquid'*. care should I- • ■ 1 »» ,,r,|,r J° ' ,n ' 

r; iw , n the extent >,f snluhiiity and the nie >M* k\ 

tempi intun . *> P*‘ The rate at which a *ohd dissolves 

yet ap]M‘:*r to ilisso m o between the solvent and 

in a liquid depends upon tlu extent '' ** . J ~ 

the suriaee ol the solid. - ^ t h,- finely 

r w . in w itt r imu li inoiv slowly loan uooi £ 
dissnl\ t ^ ii * . i w 11 mt *il the ti‘nn» j r;itun > . 

, col* in th<> same auanlil \ <»t h-iut ai 1IIC ®” 11 . 1 a . 

powdered salt in th I ^lid di^olv. s in a liquid. 

If one wishes to increase tin ratt at f 

increased surlat »< out. . ,- „i irriiurl the mixture. 

„s,. „f „ «IK-I> divided «d.d and by •*'.* 

... .• „ Means of Purifving a Solid 

10.7. Hecrvsiall./ation a-a M«. . 

8flm fiS I §1 s ' A • ; t«i:n onlutCS IS C'OoW^ ( rvSt«*« °* 

... *-'<■"-> nmlaming t.o » ... 

less soluble solute 1 »-sHii ^ . , I I. (TN .| : ,U ill ’> .'[>p. ;ir 

print "" ■■ i 1 : ; „*,& ••• ■ 

«„rfttol«*ularcr>sti, 1 <>.*■•*«■ ^ rf .. srtuD 

slanro uni ««•»">• do ..„|„i.„w»ll> do 

solute. Am r «">; s,ooW 

test fit into the particular «i> .■P* ^ l(l0 tvNO solutes be of < li¬ 
the solution be coded Mdl" " » . ' , peodmstly and in it* 

parable solubility, each usually F 

own charneteristic crystalline t«™*. M , he purification of sohds. 

Advantage is taken t „ obtain pure potetemm 

Suppose, for example, tha . - (l j ,p, g. 0 t KCI‘h con ' 

chloral e from an impure mixture is dissolved in 100 

of » 0 ..T«. l«ec.. thencunl.. . O-'- , 1 ^ ( « Fig-« 

and continue t - p j^( ,J remains m 

if C ix>!ed to n lemperature a ,, mo m \. of water a 1 " • 1 

SS5S»!2;5 C-d. w filUi ' ,K '"' 

^ f illustration gives maaaKMu . .the 

proc-of purifieation b, , a high de^ ^ 

temnerature 1- lowered thnwgh certain 
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contaminated by small quantities of the impurities. This is portion- 

that" ft VT S ° h , lbll,t> ° r tl>( ' irn P urities is not greatly different from 
that of the desired pure substance. However, if the first crops of 

partly purified material are again recrystallized from water, a product 

of the desired degree of purity may be obtained. A solid that has been 

purified m this manner is said to have been recrystallhed and if the 

crops of crystals that separate from the solution as 11 e emperature 

is referred to • r 'jutcieo separately, the process 

a to as one mvolvin g fractional crystallization. 

10.8. Common Solvents 

fromZ "'T'" ^ °‘ ,e "‘ ay C ' ,OOS,! 

and gases. In spite ''Z 

tbe chend^:’:; z;^ , r^zi'i ave emph *- 

ties for future developments Ue i, ,|!7f , real °PPor<uni- 

water. To the extent h , ;, ! Study ° f Solveuts other 'hat. 

stances, water occupies a l'r,* * . S °! vent for sub- 

relatively poor solvent for °Zfr" 

water is the solvent arc commonly referred to as '°" S 

Other solutions (or substances in Zeral) Thu T”*" sol, " io,,s - 

said to be anhydrous. * 1 contain no u ater are 

In recent years, two additional inorganic solve.... . 
used more commonly in chemical work ti, * have co,ne to 1)6 
sulfur dioxide, both of wliich arc gases und C ' se , arc ammonia and 

conditions but which may be employed as ImuZZ"'"^ atnio8 P heri « ; 
peratures and/or under pressure T„ l iv so v,5nte at low tem- 

solvents for inorganic sohites, ammonia'Z.d°" m Z" g good 

exMllent solvents for organic substances.' " " dK8ade arc also 

*nch as methyl and elhjudZh^UtherZ 6 Oten' al, '° ho13 
Chemical nature of these materials is considered • *" d b, ‘" ze " e - The 

to 34 . In general, these organic liquids “ so " 1 '' detful Chaps, 
organic solutes but exhibit only verv limit d **. aS sol> ' e " ,s lor 

inorganic substances. 7 y lltcd capacities to dissolve 


GENERAL exercises 

1. Define th© fbllovrir»ir to,™** <n\ i 

•■“■luli"... <•> ,natal »> 

’ {J) saturated solution. 


(c) solute, (</) rnola 
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_ .i f II v .t a -r im• fa dilute ind 

-• 1 ii-i infuU» dmriy *** 1 . j i w hl wlu’i 

-.luli->u». ' stand*' >1 . . "" 1 “ . 

true '• ; ,| - ilttflin-• “ "•‘ JuU< ' 

-iSSTJ?** - ■ **•* -»<— * - *— 

solution of silx. r chloride? 


riUlKLKM 


IMenmu* 

solutions. 


, the weight of eolute required to proper. 


» .if the f«*t lowing 


t« > 



(0 



(f> 

(<l) 

(A) 


1 liter of 0.5 U ah-ohol ( 

3 liters «»f « A/ .-liutn chl.^le - 
i . liter of 0.3 M glyfliWi ' M - > 1 

,00 ml- of 0.1 M hydra gm dtton «h 

l „,l ,.f0 0l \/wdium hronude-.lot...U 

.tor, ....-**■«*■?- 

J </ 0.005 >1 aliniiii*' 11 " 

fhWotl.txW VI.HM,n0..d,d.«J»t,. 



oicul.te the otohrity at «dutioo» cuuumns 

c, * %*£££*” 

)k\ 100 e of K1 III 1 liter Ot solutWP 

(b) l't - - so in 200 ml. of solution 

(«) 16n g of * 5 h» 0 in 100 ad. of - 'lution 

i,/) 0.125 g. of CubO« a« l - u 

, 1# . 0 f <.<Klium chloride in sufficient water to 

3. If one should dissoK« e ^ ct ^ 1 ^ molarity of tins «»«two, 
m «ke 15 liters of solution, what would t* w> eXhyUm glycol C s H<0, •" 

1 V solution is prepared by dissolving &>*<* 

tliis solution f solution. , ,* di^< 1^1 

and .'f:;' bXl , W* —W 

. 3. If a solution of alcohol b l.a» 

in '50 s- of water in this m4a w» a iV.1 solutions containing 

; Calculate .be molality ot #«— &***> 

ilV DO g of glucose in 1000 g. of " 

(6) 180 g- of flu* ' ,n - f_. , - a ter 

k -if ^ne.b-e i® 2r>0 g- °* WBin 

0 f.5 mole of glmifc-e «» 



£1 


l C f V.tM fc;-- ■' ... ■ 

- what .« ot cateiuio chloride most be disced in *• 
. that U U* -*»» 


of water 
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CHAPTER 11 

physical PROPERTIES of solutions 

H t of the properties of liquids (Chap. 7), it should be 

recalled that each pure liquid is ch r temperature, and vapor 

which these physical pniptrl'csarcaUedh^ d ^ m dis . 

With one exception, only nonvolatile solut^M ^ 
cussion. ' H the influence of a solute is ,‘ a (be studied 

desirable that it remain nn The » ■ complicate the study 

^Terfuldfor i reasons which become apparent later. 

n.l. Lowering of the Vapor Pressure ^ ^ 

When a nonvolatile solute is vapor pressure of the 

pressure of the resulting s olution islea s than ^ ^ 

pure solvent at the same emp directly proportional to the ratio 

pressure of the solvent is lower M ;"J n l ber 0 f molecules 
of the number of solute molecu wei , rht of naphthalene (CjM 

the solution. Thus ' ^molecules) dissolved in acetone lowers 

(128 g. containing 6.02 X W tly as much as does 1 gram 

the vapor pressure of aceton J , l5 , also contaimng 

molecular weight of Wior ^’quantity of acetone. 

6.02 X 10» molecules) Bering of the vapor pressure 

Consequently, it would seem ■ the kind of solute mo ' 

depends only upon the number Imd * ponies apparent 

^decrease the vapor pressure of ^ e s ^ *"^ u jd occurs at the sur- 


in 
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(a) 

° Solvent mofecu/es (k) 

• So/ute motecu/es 

In" r.'r, "“.face 

n .. '"‘'"I™ '■'« pur,: »|v™i and 



a ‘r ,he ?"*“ '"“ p< ' ra,urc - I” the solution (Fig. 626) the 

~ and , T «ub Usurfafe frol: ,;' m , he * 

1 »lq> cm occur is OOrram nnHinH Y dimini -In I p 4 | 

* ^ .. 

iszt r r,T f 

pm... l» tZ. i • P r,sen, < <’< solute molecules As -i 

Irui r solvent mflkmilM Mn ^ ^ AS a 

pm .H,n- upon the enrfaoe of the liijuid '" xt th™" ' h< ‘ exert 

'»<-reuse in the number of solute " * ” e temperature . an 

molecules would further to 

lower the vapor pressure. 

Deliquescence. A practical 
example of the lowering of vapor 
pressure is found in the behavior 
of substances that exhibit the 
property of deliquescence. Some 

solids that are very soluble in 
water form solutions on their sur- 

' "hen exposed to an atn.os- 

ph. re containing sullirirnt wafer vinnr vvi , 

/■"< !,) or potMtan hydroxide K 0!* _■*° ^ d Z "' C ^' l,,ri<le 

••- M.rft. quickly ray J^ £“““*£•«£‘’2*1 

»fe behavior fcknown as ddiquetcencc and th .■ ^ solution. 

to he deliquescent or /m,™, Became < f th, S ° ,d ' suhst;,nce is said 

K< >11. the vapor preasum i » • U ‘ pres, ‘ nce of dissolved 

sun* of the water vapor in the surrounding. *“• Partial pres- 

• h<- water rapor enters the i r r ,nos P^ ere * Consequently 

rfi-lred. 1,u ; '*■ and the ^ is m 

*°«■*« and dilute the solution uni Ith ateK ** Aere continue* 

beiuuiea th.* tame at {reaches B patib ri ■ So * ution 

water vapor in the atmosphere 1 * K ‘ pur tial pressure of 

I w* i> made of this phenomenon in keenimr ,1 
f«ce<l roads. i t |, i um , |,l,.rid.* f - iC \ , ; , ° Wn the dust 0,1 unsur- 

wd»ah is extremely defiqueeeent.^Unn Product 

r a ***** '»*£xzz ZTz^r ;itn - ph - and 

part., le®. This«p p | ication ; ‘ face and prevents the rise 

?® at w, '« 'e th-' partial pressure entlre, y unless in hot, 

“ le “ * ban ,he ™p«r pressure of a ^turV^d’S^-™ “? atn>os - 

' uraled solution of calcium 












144 


GENERAL CHEMISTRY 


CH«p. 11 


II 2 Fixation of the Boiling Temperature 

Tin* boiling of a pure liquid I,, ^ *£;$£££ 

obtains "hen the kineln -m rg> -' ."J h ext ,. ut ,|, vapor 

increased (by application ul a at - Un .^Anmc pr- *ure U 

pressure ol tin hqui _ , i H ,iUn- temp rature of pur- 

an atmospheric pressure oi .<><» nun.. ; a nonvolatile 

water is 100 C. \i doe8 no t occur: the kind«•' m-K 1 <* 

solute is raided U - . nK)l) , rll 1( ,, A both the oppoemg 

the water molecules is n„ offere a by the taint* nml- 

atmospheric pressure an that 1 lie vapor pretture 

of the solution at 10C • pressure of a solutioi •» 

r„r it has already b«» ' «'■ Theresel, 

less than that of the P‘ ir '' M ’ " " ' , ^ jotC in order ) ..use the 

is that the t.-mperature must be raised ..hose 

solution to boil. »ture is required t <»produce boil- 

Ju3 t hors much -levaturn u » am.-rminee lire eittn. rf 

iug depends upon e\ai tl> ■ y nu mber of solute molecules 

lowering the vapor pressure n . ^ j moU , of sugar (M2*) 

present. At T60 nun., a solution y * - . , xll( ,k tfet 

'dissolved in UHH, of I . 

same as the bmtog ‘‘"T^ WOO g of water. Both solutions tent d 

glycerol (92 g) d.sanlv ad m M , difference in total »• .gld of 

the same temperature desp - ^ t he same number of 

solute because both solutions co andsa lts, a 1 molal aqueous 

solute molecules.^ Exclu ng .. ^Wng temperature of pure 

solution boils 0.51a above ^ ^ the ex tent of elevation »* 

water. Wth 0.515“ but is neverthelea. defimte 

boiling temperature is dinere 

for each solvent. xVh n a mixture of two hquM- having 

Fractional Distillat.on. boiling temperatures) 

different vapor pressures (an com bimd vapor pressure* of 

is heated. K-» 

two liquids exceeds ** W»”« ^C rture may be understood 

obtained hy continued hot "V , j f g mixture consisting of ‘*f“, 
best in terms of a specificev p _• r . t rr i.) and benzene (» ‘ 

volun.es of alcohol (winch ^ ,1 \ a ' f h * boiler of a thstdlation apparaUB 

boils at 80.1“ at 1 atm.) wM lhat , eave , h e If * *" 

be'eondensed upon Lar. The first h^ 

the condenser and collected m a sn.ra* . 
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(distillate) to i>e coiiprf pH k •» m!v<> 

containing some benzene. As the diatmation™ r*‘ ^ ‘f ,** 00 * 101 faut 

richer in benzene (the higher boilL ^ become .iirr,-as„,,-|j 

contain less and less alcohol This must?^Y »TV'* ."" xl ' ,r,) 
Initially, the alcohol exerts the major fractlonV, * M*' V' I ,w< ‘ or,t,n “ i - 

sure of the mixture. As the alcolml is distilh d fr h pn s 

temperature must increase enough to raise ..‘ e , " ,xll,,e 

w raise lie partial pressure of 



benene sufficiently ApP “ r " tus ^ r ° r <*«•«*». 

occasioned by the removTtfaLM '‘p "!, . f V ' ,p ° r 

alcohol. If the vapors are > on ^;; r J and contain but little 

j , ee Portions or fractions, the first is larowl °°i C ^ te< * **» ^ or example. 
»s largely benzene, and the middle fr ^ Y a . ° 0 lo1, the last collecteil 

the *"'«• 8 the £ a d „d — —,v 

W safes»?? ™ ons of *•—-• £ 

extensivL^i * kno *' n . as distillation It t 

! se ~ n of *** 
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w*®:. Ji u.; n oii.iff nil Many oilier liquid industnal 

gasoli *", * i 1)lir ni«Ml b\ similar < operations. 

. .roducts are separated and pun 


113 lowering of the Freezing Temperature 

At the freezing temperature of * I - Bd ia jden tieal with 

rium with Uquid, and the { , lhis condition is 

that of the liquid. For water ataprensu aque ous solution 

realized at 0°C. »“^^ io "h. "freezing .per.- .. 

crystals of the solvent appear, and ttaffounr ^ ^ ^ )ower 

ture below the lreez e P f { solvent crystals 


.ure below the freezing tempera so lvent. crystals is equal t<> the 

temperature, the vapor ^ Which ran be realized 

^ttX^lo" the normal Ir. zing. . « 

th Ag^l"the situation is ■*** 

kinetic-molecular theory, t n _ nvora^ distance 


kinetic-molecular theory. “^mid increases the average distant. 
rules throughout the body ^ of attraction between mol« - 

between solvent molecules l ules c f the solvent mlo the 

cules, which tends , ’X J cannot be so effective over 


cules, which tends to arrang canno t be so effective over 

definite geometric pattern o ^ for ihe force* of attraction to 

this greater average distance. k energy 0 ( the solvent molecules 

operate, it is neceasary^ha ^ that acts in opposition to t ie 

forces of attraction or nal fr-zing tempera! ure of. he 

lowering the to which the tem perat ure must be low « 

^Tdep^ut upon the relate number of solute m 

present in the particular solutioii. m0 | e 0 f sugar (342 *•). 1 

P Again excluding acids, bases, and nonvolat ile solute d.s- 

mole of glycerol (92 g.), or n 10 ( f orI as a solution hating* 

solved in 1000 g. of water («-£££ aU these 1 molal «***»«£ 

tain the same number of solute ^ ; s different, but d. Inn ■ 

extent of lowering of the tajg* J ot th e freezing 

A familiar H*"**?} ‘ . fr ,,, ze nlbc ' .“ 




A familiar application 01 1,1 mixture in automoL- 

liquids is found in the use of ant. mix(> d with water produce | 

Alcohol, glycerol, ethylene thau that of pure w ® te ** 

tions having freezing of towering in freeing temp , r ^ 

production^ low temperature 
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variety of purposes. Salt added to ice at 0°C. dissolves in the thin 

.rh°:^—^ rcc j tr solu - 

SS^r.i£ 3 £ *Z th ?°d LTf i, 

chloride provide Z t .. “*“» .‘. 

— 56°C. 


11.4. Osmosi 




, “other important behavior exhibited 
J> solutions is the phenomenon of osmosis 
Certain membranes, notably the lining of 
eggshells, lish bladder, parchment paper 

° r ever ' P ure, y inorganic jellies such as 
copper ferrocyanide or copper silicate, are 
such character that certain kinds of 
molecules are capable of passing through 

these membranes, while other kinds of 

T n ° L A Inembra » a that is 

P®™® e by one kind of molecule and 

membra ' 01 * S Cab<Hl a sem ipermeable 
membrane frequently, it is found that 

, h membranes are permeable by solvent 

no permeable by solute molecules Wh 

m water is enclosed in a bar made ,.f "*r’’ a 8olution of sugar 

in a porous eerttewara can thT ° th< ? “““branss, or 
»dh an inorganic jellv such as non™ ° f Which “» Ailed 

“• bi « « OOP is inun,.r S cd iu Vl Tc„,!r? ?y f1 de «>• «nd 

*»£■» water, it i, observed tha «a,er • S °' Ution of su gar 
This indicates that there is a net trln Jlr FT* ,nt ° the ba « or C “P- 
more dilute sugar solution or from the >' " ' VH,er molecules from the 
• -"Itated solution enclosed by the sen 1 '™ m mt ° the more 0°"- 
means that water molecules move from t. £ erm . eable ,na mbrane. This 
* 0 fitter molecules is greater (the W ^ ere tbaconcen tra- 

Mrl er *° region containing a In U 6 su ^ ar solution or pure 

Si ...atrated <* water nfo”! 

" "PPosile direction but at a lesser rate m ° l,iculcs al »> move 

° Ug “ sem 'P ep nieabIe me,„l,i ane fr „ m e paM 1 '" of »<' lv en t 

region of greater 


Osnio lic-pressi i re 
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Membrane 


,. , inin region of lower solvent eoncenlra- 

solvent concentration into a n^ion 

tion is called 08 ™° SI ®* is free from holes, hut it allows w ater 

The seimpermeable memmane is 

and not sugar molecules to ’ utilizing an apparatus of 

Osmotic Pressure In an •4'™ ^ ^ ^ the cell . 

the type shown in tig- 6 , ^ f the sugar solution contained 

This results in an increase m the v . . ^ u 10 an increa a ■ 

within the cell. By subm.tt.ng ^^ ^ 

molecules may be prevented. r l he pres¬ 
sure that is just sufficient to prevent a 
net transfer of solvent molecules into the 

solution is termed the osmotic ° 

the solution. The magnitude ot tins 
pressure is proportional to (a) t e: con¬ 
centration of solute molecules an. 

absolute temperature. For a 1 mol 
solution of sugar relative to pure water 
the osmotic pressure at 0 amoun 
approximately 22.4 atm., and since h 

osmotic pressure is proportions lto the 
absolute temperature, the osmotic pres 
sure at 25°C. is approximately 



□ Solvent molecules 
I Solute molecules 


Fig. 65. Diagram illustrating 
the relative number of impacts 
hv solvent molecules on eithei 
side of a s< impermeable mem- 

brane. 


22.4 X 29 ?273 = 24 5 at,n - 


The mechanism by which 

IHBmiPi curs may be explained in 
manner as the lowering of P tional to the number of 

tion of water by the mem rc ‘' f , p ,. r un ii of time. Imtiab, 

impai-ts by water molecules per to pure water than 

„„ the side ex,meed W the on tha t side, and (2) on he 

side exposed to .be sob,Hon. a part <t» ,ly. the rate d 

covered by sugar nmUmulee ^ ( Io pure water and 

absorplion of water is gr. a .< i Mlvent into the solution. - 

water moleeules move mto the ^ 1 is put under pre^r <° 

. sotution. When, U) ,hc increase in *• 

: 1., ill t iliy lvdrostaticaujf uvy » 

pressure is bnui "l? 11 > 
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"" e !5 rati0 " f " : ' U ' r mok «*8 is imMl in 

'7 1 ,“‘"7 .. side of (lie .,,:;! d iTtTe' 

exposed to pure water The rates J r ' P,l °" °“ the side 

♦ !• .. • * le rutts ot transfer of water molecule in 

z zs ;it'x:. ic equi ' ibrium exists - 

•e.uot'ie pressure woulderitfTin e^dUhrium when 7^* "' e 

.. are iujeeted into the hlo,!d „“.1 Wl,e " •**- 

iion or to replace Mood that has been lost the ? r pur P°f es of niedica- 

any appreciable q Zt itv^v !2TX?* ^ h] °° d Stream * 

pass anl of the blood stream and inf «, Sm<?e ' vater molecules will 
i«t« the eorpuseles. Burundi ng ^tissuesand,even 

medicine, a „d other related sciences ^The'° US lmp ° r . tance in bi «»ogy, 
ns.* of sap into the branches and leaves of JZm***?*? ° f 8Ged8 ’ the 
luith plants and animals are only a few of t?^’ ^ nUtrition of 
r en,;;s th,„ involve the phenol.,e^ of'Un^s — 

to o Z ST'V°r 1Vent m °' ecu,es b “‘ 

“ “ridifiei a similar fcM the »‘o m ach 

from sugar be, Is. If ,| le sUced ^ !" *he extraction of sugar 

» ®h‘ady flow „f pim . water is Tn ? ?^ a" * v6 “ el through 
through the cell walls of the beet and into i!" '.‘" Ied ’ ,be su g ar passes 
1 “her constituents of the beet are in tl, R * su . rroundin S " ater while 
mealing the cell wall. The extkZ’dn f,rv 0t capable o( >r- 

■" the difference in size of the dilute r tiT ti, , lu *, pbenomeDOP "’ey He 

sr * to panides ° f t h „;s a oTcS 

"• 3 S„tr minaUOn “ f Weights „ f Liquids and 

tt was indicated in Se<- ftp ,i , 

'"''.lions provides a bads' for the e.TOeri°“° f th * Properties of 

_ etne weights of molecuk. of nlaasurenl «il of t| le 

."""°" ly " liliz " d to this connection 'are' thl? '" opropw <'Vs 

'it ne lowering of the 


« 
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n • . _.„ ,, 1,1 the elevation of the boiling temperature. It 

j A lt JL. *he number of solute molecules present. If I mote 
dependent upon t he unit ar cou ld be dissolved in 1000 g. 

of sugar containing 6.02 X 0 noi.i u 1 - 5 12 « and ra ise the 

of benzene, it would lower t ^ ^ ^ . f mea sures the extent to 

boiling temperature 2.5? • Mocdmgy, f iven we ight 

Which the boiling weight of solute, the 

of benzene is change bs ^ calcldat( , d b> comparison with 

moleenlar wMgbtof Before 9ped f lc examples are considered 

the known behavior of g used here f or purposes of 

it should be pointed out t > „t.her solutes and 

that affert 

3 .86°C. The presence of 1.5 g. £ molm ,hir weight of this 

amounting to 5.o • i _ the freezing temperature of 

eehtte is that as allows: 

1000 g. of benzene o. U anu 



\\ i. of solute- 111 30 g* 



nzene 


1 


fT 

*-t 


Wt. of solute in 1000 


g. of benzene 


1.5 X 100 %o = 30 S 


Preezing-temperature loweri 



ff. 

r * 


(T 


produced by 30 g. so^ ® = 6 ,o 

benzene = 5.50 — <> ou 


Freezing- 



i ri.Kr produced bv 1 gram-molecular weight 

aturc loxNcr. g P ^ mQ g - benze „c = 5.12 


Hence, by simple proportion, 

f* 


Mol. wt. of solute:5.!2: :.10.1.64 


5.12 


Mol. wt. of solute - 30 X b 64 


93.0 


' • 4 l J ibn P"* 

With the bniling-teinpcraiiirc-'-h^a |l 'm jt ^ . Kldili „„ „r l.a ?• ol 

benzene was found lo boil at 81.02°, or an elevalio 

.. vttSnSA 

amounting vo of the solute m »• 

presence of 1 grain-molecular might of 
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" ldd i< viiii in bailing-temperature ebvstion 

"it. ma) < ,il«u| ;i |r the molecular weight of the > 


15t 


inr 


r 


| n O c-o 



f. of solute in 50 g. brnz< 
H t. of solute in 
tt* ibng-tt*mprra j i ire elevation 


-lie = l,; 


> <r 



= J.5 X 100 % 0 = 30 g. 


i $oili i} ^ r -| < * n ij 

Mo nee. 


produced by 30 g. solute in 
benzene = 81.02 - 80.20 



ir 

r* 


= oi— 80.20 = 0 8‘ 7 ° 

" .. r ". . by 1 gran,-molecular weight of 

solute in 1000 e\ Iipti 7 ann __ o -~o 


M*>l. wt. of solute:2.57::30:0.82 



I*, w t. of SO 



2 .57 X 3 (1 
(182 




s value, allowing for experimental e 


rrors in eithei 


the valuer 93.6 obtain,,! In , I... 

owering of the frwyin.r t ... 

■ 1 11 ' 1 /ni- temperature. 


f se ^ of dial a, agrees 

ni(‘l liori invol\ irm (| ir 


Sol vat i 


fOll 


"7 mat T ° f "“** «•— »PO« the 

*..w'Xn if «*► 

knuis of chemi. al chan-r fi , " ( IM a I um ‘ solvent. The 

Tl.r solute mole* ule may dissociate Uf °! s ‘ ,veral ^Horent types, 

may ajtsoemh either with other soli,i. T S ""i " u,,,ts of ‘matter, or it 

•■uh;s to form larger units '^lecules or with solvent mole- 

< "f the solver ^ are^T' S h h, < / ,Ue associated "ith mole- 

chemi.ai .• \: z [,: l t sn % T d and «>» ***, » f 

etc nhen „ "“V* ,Mture «f ‘he solvent, the 

'I » <'i*olv.,l i„ ' f ls"dium carbonate 

* he .. Weo/MB,*ami i h ,'. sul7! ,n,’!'f a I *' #,er ' S * iven 

elution of \a 2 CO, in water is rooled orifthe “ ^ If 3 satura ted 

orate slowly, the crystals that separate fron/u IS . a,,owed toeva p- 

rpsT® ,f " """position represented bv the ^> ution are found tf> 
I . ,1 ‘ 8 doe * Prove that the V, C ()' J ^ fon ? u,a Na 2 CO 3 l0H 2 O. 

W ‘ th more thai ‘ WH.O in the solution The^ ^ ^ associa ted 

ule * ra "' 1 .— 2 ft. Srosst 
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c i *nt that actually separates in combination with tin* solute in 

Tl ine form U town M solved of erysMIholion; in .In- .. ve rnse, 

crystalline tana distinction is made between nssiH-ia- 

tvaler of crystallization. _ crystal. Other examples of 

tion in solution and assocm vm H () \\ { \n : (A\A). and 

salt hydrates are CuS0 4 -5H 2 0, L.di.i 2 -n. , 

Fe,(P0 4 V8H,0. containing water of crystallization are 

hTuTstable under ordinary ninn,spheric conditions. Because 

the crystals contain comb ’ c jf the water vapor 

temperature) a definite wa er vap the partial pressure 

pressure of the cryshd happens Uloses water to the sur- 
of water vapor in the is known as efflorescence. Thus 

rounding atmosphere. , , the hydrate loses water ol 

when Na 2 CO 3 10H 2 O is expose^ ' * e '’ d er. When the partial 

crystallization and is cha ^e a tmospheS is sufficiently great, dry 
pressure of water vapor in ihe atmoS phere 

salts are frequently capable of taking water 

(E tlUwbich contain water 

vapor pressure equal to «*£*“*£ pressuI e is u.ereased W 
phere may be caused to ,os . thk loss of water by the crystal 

the application of heat. So'nebn is increased. 1« 

occurs in a stepwise manner as P 



CuS0 4 5H 2 0 4- heat 
CuS0 4 H 2 ( > + 


CuS0 4 H 2 0 + 4H 2 0 


230° , , ii r\ 

-—» CnSO , + HuO 



l« l * 


GENlkKAL. .. (f) semipern 

numosis (6) osmotic pressure, \ij 
1 Define the following terms: (n) osi • > 

i /,{) isotonic solutions. , w a ter of crystal!* 7 ' 

able membrane, (d) s . . wa ter 0 f hydration and 

2. Distinguish clearly hot . ,. m ,ami dehorns... bile 

linn, <« hydration and sol at•' ■ U , lOT perature of an > 

»• b. .wending a "t,,, „ radiator bdM ■» 011 n,. 

.-had the SSS3— b “ l CIS|3L <* 

mobile operating at the sa of the same mountain vnt first 

mixture in the radiator reach'd ' O „ a ter hod in *» **£*»■ 

solution in the radiator. W W ny u that, under the • « 

automobile? (6) How can md auto.nohile did *,*»■ 

tions, the .elution in the radiator f the ^ ^ , fa l. of ordinal 

4. An antifreeze mixture A w«» l> ' Xn „,l„ r mixture B wax 

(C.H.O, density - 0.8) m 5 gal. of water. 
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solving 1 gal of “wood alcohol” (CH,0, density = 0 8; also in ", l r 
During a cold period, mixture 4 fr.,/e and ,„,V* ' » j ", gttL of water - 

5. Of two clear liquids, one is kuL , , d M ^P' 8 ”' 

icsi.uudins i„,re solvent. Without die,in . ,h ““ ““ 8 " d ° t,,er 
an y way, W couid one date.. .. “ 

PROBLEMS 

temperature or'llevaUon'ofthe 7* ^ ** f ' ftezing 

presence of solutes. In all of these cases ||’ , T ( P “ re solvents °*i»g to the 

be nonvolatile and to be solutes other than a h ved substances ar e assumed to 
involving ,h. calculat. T *« *«**» 

rounded off to the nearest whole number. S 8 UeS ’ the answ<ls sl "»uld be 

1. A solution consisting of 4 ft ,,r „ . 

water was found by experiment, tofreJL al Tt T f"'*? 4 1,1 100 0 *• of pure 

the molecular weight of the solute * ‘“"perature of -O.M«C. Calculate 

“• W,lat would be the boiling temperature „f „ i .• 

solute aud 700.0 g. of water, if the molecular wethl of th 100 *• <* « 

3. Pure carbon tetrachloride boils at 76 »rr ' 0 " leis 42? 

vo atile solute in carbon tetrachloride boils atSl^T Solutiou of a »on- 

determ,nation, 3.6 g. of a solute dissolved in 88 i f C .\ *“ 8 nioIe cu]ar-weight 

a solution which boiled at 80.32°. Calculate tl A* ca ' hon tetrachloride formed 

4. A solution containing 3.6 g. of a solute in IS 0 ^° we,ght of the solute. 

'Vhat is the molecular weight of the solute? ^ freeZes 8t ~ 028 °C. 

of a solution contaimng 2 sVg .oVthTs^dule T *'***** temperature 

in 250 * ^ ^ at 100.09°c. 

3.5 C. below the freezing temperature of beuzp » a freezes at a temperature 

ofTh erat . Ure ' depreSSion const ant for benzexm b 5 l - 2 T ^ the nio,al fr eezing- 

°f this solute? Denzene ,s S -12 , what ,s the molecular weight 

o. Approximately what wpiVhf r 

to I bur of water in order Z. riTsS”^ »«*< <*• H.V. «„ add 

lowered to 0°F.? reeaang would not occur if the temnerat.,™ 

a a gL_i * perature w «re 

^rortv^rl^ S!^ yi4¥*^£iS?*' s ' of water **—■« 

te form U .miufion which 
II. When is t f i 

ture elevation amounts ToO 086^0 T 7 ™° g ' ° fethe ' - the boili Iltr te 

constant for ether is 9 l li • ‘ U Uw n ^ h ‘' hoilii,-tenmei P^*’ 

* w ;« w r* 

* loo.o g. ;,f so,ut,ou pre ^ ^ 

depression ""f 5 8t 'if Can 'P hor *»elts at 

camphor is 40 ’ what is 
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CHAPTER 12 

ACIDS, BASES, AND SALTS,- NOMENCLATURE 

i,,v - n ‘ a,l > «in|lme«BRan 

, mat types ..r kinds of chemical substances and reactions 

man> compounds known as oxide* but for .,.«*>» F 

- that one become familiar with the detailed behavior ofe icfi 
b , I a . r . • il ' sn ' lUU to rec-opiuze that oxides may 

i,T r T .. . " 1,11 "»•«••> '*» given Ivpc haw 

O 7 "1T" > . Tiidv.'IVr, a (letailed know lod^eTof the 

■w.ai • , ,M V'" ' 11 ai-quired ns ..did. The initi-il 

as acids base* ,„d «,//. ,i # • f 6 c,asse8 of comj>ounds known 

i (Cm, *M19G9, illMl UHTrforv i< ihol , J' 

« • ta.ai.-al U-i,a.i,.r I, ,i. t i , 'iua.nt«i with 

'■'hlilinu it U " l i ll "'- > *>Ix'S«f<-on.poi S Bb. („ 

A.aitaU.a'.hTKr ' " 'l u,r «- 11 hat morn 

' L " f, '» r,.pr. s. Nlaliv, s of ,,,,-h r |aaa. 

i> 1. AritN 

It lla*' .(In ;kJ\ in*jiraftiiot 0 ; _ 

f»*2“ »*»•■•> M In- re,."I I ■asnr i ,',rT!’h^«S '"'" tainin * 

III addition, th ,• , r ,- „.iL Z ■ ’ 1 f by certfUn met ala. 

Hliieh are soluble i„ wap-r^Y 1 '?! ' “'l *** ‘‘ xhihit f d b > *!»<** 
have a sour taste and have the abilitv'to t ' 1 I'Y sol,,hons of 

►k« tahi„n “JVoh...; ,s l ' r "';" h ' in .'» p~«o.or™ 

ll>olMhilaUared,-"l„rnli"n. 11 iTwHI u!r!■"’ "-' '''’"^7' '' f< ' r "' 

«"*"> : pretire of w „: r ''‘^'teriatic of acids 

not much the nronertia. of tt 1 f h com P°unds called 
In the following parawranh pUre coni P oun ds themselves. 

ladings that ar. r. |„t, .j ^ ‘ ' ,r <^*«<dered 

<*"!*• nds involved. Jf tfu > mn} '! *, ,taI <x>n, l>li*xity of the 

kinds of element, the coninou^ ^ C ° mp ° l ! nds contain two 
lrrnaf y ctHiipoemda ar. t.'.os! . onVstim- binary ’ Siina »ly, 

• °f "fcllWU. (Tlie uae of the t ‘Jm “ ,olecule8 made up of three 
restricted to acids. * binary and ternary is by no 
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Itinurx Acids*. 
I'ormulas. and 1-la* 
exhibit acidic 



The names <d lour common compounds, 
nam-» applied to lheir solution* in WKtCC ( 

'l |,»s) are listed in T«dile 1 i- 

TABLE U 

Common Biwtn Veins 


\ hdr 

I lie *11 


Coni] u mittl 


Formula Naim* of Mater s* 


tint ion 


Hydrogen chloride 
Hydrogen bromide. 
Hvdrogeu iodide... 
Hydrogen sulfide.. 


II Cl 


• * m m * 


* • * * * * 


* * \ 


11 - 


Hxdrrxhh'ric arid 

m 

H \ drobromii arid 

* 

H\driodic arid 
Hvdrosulfnrie arid 



When dissolved in water, these compounds form solution^ that 
. nro nerties Thus, pure gaseous hydrogen ehloru.c < <M 

aTa^mcdl Lutitmust be borne in mind that not .11 such con,- 

pounds are acids. , formed bv the com- 

Ternary Acids. 1 • . , . The following equation- 

££ . * . . 

I ! CO 






SO 3 

Sulfur triox id 

SOo 

^ m* 

Sulfur dioxide 

N 2 O 5 

Nitrogen peotoxide 

P 2 0o 

Phosphorus jx’iito 

P2O3 

Phosphorus trioxide 

1.0* 

Carbon dioxide 


-(- H ;0 


+ HjO 


H*S0 

Sail uric acid 

H*S0s 

Sulfurous acid 


+ H 2 O 



3 


+ 3H 2 0 



+ 3H 2 0 


-f - H 2 0 


Nitric acid 

2HsP0< 

Phosphoric acid 

2H 3 POj 

Phosphor, ,us acid 

II2CO3 

Carbonic acid 


mother common ternary for the other cora- 

t is not fonned in them also j„ that only one of the 

ion .*■»*** aclds and ^replaced bv metals, a fact that is empha- 

>ur hydrogen atoms <»” * ' js wrUt( .„. 

bv the manner in wnic 11 w 
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Acid Anhydrides. An inspection of the equations given above 
suggests a clear-cut relationship between certain nonmetal oxides anti 
certain acids. For example, SO 3 is related to sulfuric acid, and P 2 0 3 is 
related to phosphorous acid in the same sense. Any non metal oxide 
5 liat reacts with water to form an acid is called an acid anhx- 

m 

( ride. Thus, N 0 O 5 is the anhydride of nitric acid, SO 2 is the anhy¬ 
dride of sulfurous acid, etc. Literally, the term anhydride means 
“without water." 


12.2. liases 

Just as hydrogen is the characteristic component of all acids, so the 
hydroxyl radical (OH) is the c haracteristic component of many but not 
all bases. Bases in water solution have a bitter taste, have a “soapy ” 
feel, and produce an irritant effect upon the skin. Solutions of bases 
change the colors of certain dyes, and the color changes produced by 
bases are usually the reverse of the changes produced by acidic solu¬ 
tions. Thus, bases change the color of litmus from red to blue. 
There are many bases, however, that do not exhibit these properties 
because of their insolubility in water. In fact, only a few of the com¬ 
mon bases are appreciably soluble in water. 

Hydroxides are ternary compounds, some of w hich may be formed 
directly by the union ol oxides of metals with water. Still other bases 
such as NH 4 OH arise by t lie reaction of other types of compounds with 
water. The following equations serve to illustrate the formation of a 
number of common bases which are measurably soluble in water: 


N a 2 0 

Sodium oxide 


“b H 2 0 —> 


K s 0 + H 2 0 

Potassium oxide 

CaO + HoO 

Calcium oxide 


2NaOH 

Sodium hydroxide 

2KOH 

Potass!u m hy droxide 

Ca(OH ) 2 

Calcium hydroxide 


BaO + HoO —> Ba(OH ) 2 

Baiiuin ox 'd e Barium hydroxide 


nh 3 

Ammonia 


I [oO -> 


NH 40 H 

Ammonium hydroxide 


The c omp° und ferric hydroxide [Fe(OH),] is a typical example of an 
insoluble base It might be suggested that Fe(OH), might be formed 

by the union of iron oxide (FejO,) and water. 

Fe 2 0 3 f 3H 2 0 —> 2Fe(OH) g 
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When Fe,0, is added In yyah-r. I,..never, (Ins rea, l« ' I not m 

,nv marked extent lax.*• Hie insoluble peseta of led). P'"' My 

coated will, insoluble Felt III • and Ibis .« ' 

protects I be remaininir Ke-U. from ..- mb. e.ml.el vul . « ™ 

rammed for continuation ol tin ri.uuim. - 

A a trw Tinmiirc Fe(OH)» it would be necessary t<* o» 80,111 

U . . ... tbesolubl. base, may b. Mm-d 

in appreciable qua,.lily by the »«*•»»ofmebd •• ■ ; 

Basic Oxide, By « >. 

appear that the oxnbs . «, f ew metal oxides act ..ally 

anhydrides. 1 his is seioon i-» The metal oxides 

react with water to form t le corn >po /j Kven tlumyli •"> 

are sometimes called torn correS p.,„di„e I.. «» 

oxide may not react with related in a purely tor- 

oxide and the base may be considered as being 

mat way. 

12.3. Neutralization hvdnjchloric «*| is mixed 

If a given volume of a M ^ of hydroxide, the 

with the same volume of a _ 1 rties c f a n acid nor the proper- 

resulting solution has nei ie m jf this 

^por^ted tVdryne^The only sohd product remmning is found to 
LXS The equation for the reac.ion » 

HC1 + NaOH H 2 O + NaCl 

Other acids an»i bases react similarl}, eg , 

H 2 SO 4 + 2NaOH - 2H 2 0 + 

2HjP0. + 3C.a(0H), - 6H,0 + C.a.fPO.), 

In every reaction of tMa the salt is depend- 

ent upon the acid and base Z interact of an 

The formation of nater ( lion . Even the ms„lui> k 

ra^rxs r S au ^ 


3HC.I + FeiOHi*—♦ 3Hi ° 

Tlxsx insoluble oxide Fe,O s does not react exte 
The him iu , ,j. _KoKI\ because 

dissolved 




elv with water but * 

lacid neutralizes the 
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cording *4 Fe(( )I))son the surface ol tin* insoluble oxide and 
thua permits further reaction between it and \witer. 

Hat rbeew ntiai reaction involved in neutralization is the form a- 
tioo of * tier may be lh< n b\ a, study of the energy chanj:< ^ in v ol\ ed. 
Heart ions of aeutralj/.tt ion are exothermal. If one measures tlie heat 
♦ \ei\»d Hi a lar.e numtw-r cl neutralization i>‘adions betwoen dilute 
soJutkm^ of different a< id> and different 
i*« 



SNI 



Ac id 




. in every (use the quantity of heat 
evolved upon formation of 1 mole<4" water 
«* found to la* approximately 13,7(K1 cal. 

I !.u indicate the heat of reaction is 

nt tally independent of tin* natureof the 

!fc>lt produird and is Delated only to the 

# 1 ' 

formation of water front the hydrogen of 
the a< id and the hydroxyl radical of the 
dHUSk ' j. 

Tltratiuii. Ill® )-hetni>t fn^picntly 
ha> to determinr* the volume of one 

•olation required to react with a L'i\«*n 
Volume of another aolution. Thi* pro- 
*tvlur« it known aa til radon, and one is 

i»fl<? ao ution against the 

*»ther. F«»r example, a titration involving 
a nautnUfa ttwm n*action mav Ik* < iirri*xl 

a- f«jlk>w^: A known volume of a solu¬ 
tion <if Ikin* ia }>U< > d in a l**aker ami to 
this sohition is added a f«*w drojw of a 
solution of litmus. If a solution of an 
■s i* •'Id)-)I from a burette (Fig. 60 the 

tM«t neutraUaed by the acid, hut the 

solution remains blue as l««| 
ss any of the hoar remains. Finally, w hen 

.11 ‘i Ite ku k, br.,,, nrutralunj „,kI „ ..* ... of Kid bn 

[ V** r * )ior <f solution changes from blue 
<nkv Cbangr is I to denote ttie end of the neulra 

• >e it calksl an indicator aiwi the or-cunvno? of the color 

..When one kiwira 

lb. nd «l....on ...d the . .. i,| 

[f *** « pi-r.i^..i ulr ,. .d l i. |w* t t| u . wrigbl ..f bane 

,,H •rxsfht-) .,( water and salt form 








Base and 

tndica *or 



n#. 6^». nit r.«tiiifi 



to n*<J. 



tit(Lll« |v 



ft 









11 hu l - 


in the reaction 
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12.4. Salts 

The formation of salts has been shown to result from (1) reactions 
between metals and adds, (2) reactions between metals and bases .and 

most common and useful classes of chemical substances. Otln ». 
ods by means of which the formation of salts may be aceon.pl.shed are 

(4) reactions between acid anhydrides and baste oxides, e.g., 

C0 2 + CaO -*• CaCOj 

(5) reactions between salts and acids, e.g., 

2 NaBr + H 2 S0 4 2 HBr + Na # S0 4 


and (6) reactions between 
importance and is consi 
illation arises in later c 



salts. This k 
in more 

The 





method is one of unusual 
as the need for this infor- 
is a typical example: 


CaCI 2 + NajSO 


CaS0 4 + 2NaCl 


Here it is evident that” ot bwn 
Thus far, definitions of the U rms matter the term 

formulated. To ^'"'/'““^^Tatisfactory manner require.®*® 

exist in solution. The study of tie theory o 1^ ^ 
provides the necessary infornia • f their properties 

Should think* these class* t.ot.s in which these 

and their mode of formation, a 
substaiices participate. 

12.S. Amphoteric ltases ^ Pb(QH)n and 

There are a few common bar. s noU y^ ^ depending „p„n 

wl'H-l* " ‘, ‘hito w Inch they arc plat ed. 

the nature of the environni. ^ of a strong acid such as 

example, Sn((>H). » 1 ,l lo .' b " P s 

hydrochloric, the hydroxide acts as 

2+2 






Acid 


2 0 + Sllt^‘2 
Water Salt 


If, on the other hand 1 he S«(OH 1. acts as * 

of a strong base such m s,,,limn y 
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acid, and its loi mula is accordingly rewritten in a manner that empha 
sizes its acidic character, i.e., H 2 Sn0 2 . 


H 2 Sn0 2 “I - NaOH 

Acid Base 


HoO -f" NaHSn()2 

Water Acid salt 


hurther reaction with the strong base converts the acid sail to the nor¬ 
mal salt, 

NaHSn0 2 % NaOH—-> H 2 0 + Na 2 Sn(j L > 

Acid salt Base \\ a te r Normal salt 

This dual role that may be assumed by compounds whose formulas 
are most commonly represented as bases suggests that acidic and basic 
characteristics are relative rather than absolute. The importance of 
this feature of the chemistry of acids and bases is more apparent in 
relation to the equilibria which exist in ionic solutions (Sec. 15. i 

NOMENCLATURE 

It is unfortunate that the names assigned to chemical compounds 
oiten lail to conform to any consistent scheme of nomenclature. All 
too frequently, common or wholly trivial names lacking in chemical 
significance are employed. Ideally, the name of a compound should 
convey at least the information required to write the formula. The 
nomenclature of acids, bases, and salts is fairly consistent, but the 
exceptions to the general rules of nomenclature are numerous. 

12.6. Nomenclature of Binary Compounds 

In general, the names of binary compounds (other than binary acids) 
Z C °T,? d * he nameS ° f the *"» involve. %Z 

written first in the formula, the name of that element logic ally i, use d 

name fr H, part 7"'" of the com P°“"<l- The second pari of the 

"“tall , ""V™* COnsists of the e«em of the name of the less 

CaO has e the ,e . " " Hh the suffls Thus, the compound 

In devising names for compounds of the nonmetals (tmA t, 
extent those of the rnetals as well) it nftpn K * soma 

cate in the name of the compoundemn*! 

y element present m the molecule. This may be done eon- 
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veniently by the use ot suitable prefixes. For example, Hie name car¬ 
bon oxide is itself inadequate since it might refer equally well to CO or 
CO.. Consequently, the names carbon monoxide and carbon dioxide, 
respectively, are employed. Similarly, the compounds PCI, and PCI, 
are called phosphorus fnchloride and phosphorus pm/oehlonde, 

^Particularly among binary compounds of the metals (and less fre¬ 
quently in the cases of certain compounds of the nonmetals) the names 
me so written as to indicate the oxidation state of the more metallic of 
the two elements. Such a scheme becomes necessary where two ele¬ 
ments form more than one compound. For example, consider the case 
of the two compounds Hg.O and HgO. In such cases the names are 
firmed by appending to the name of the more meUlhc demen e 

suffix -ous in the case of the compound in which th e 
ment exhibits the lower oxidation state and, to indicate tol g 
oxidation state, the suffix -ic is appended similarly. Thus H ,0 
called mercurous oxide and HgO is named ">ercurm ox,^ S.mdarty 
FeCl, and FeCl, are called ferrous chloride and ferric chloride, 

'Tisindled unfortunate that, in the past, chemists have not expended 
It IS inaeeaum of 8yste matization ol nomenclature. 

S rea,( r ' 1 1,1 1 .. to the foregoing rules. For example. 

There are very many except,ons to teforee j an incorrectly 

the compound ammonia is almost always rep \ by habit , 

written formula and “ amroonia , Urueas the 

and the systematic name trihydrogen 

nitride should be employed. 

12.7. Nomenclature of Bases 

The naming of bases is a relatively in the case 

base is formed from term hydroxide. Thus, 

NaOH is sodium hydroxide, ^ names of these 

ammonium hydroxide etc. which otherwise is used only m 

ternary compounds end m -inf, a 
the names of binary compou nds. 


12.8. Nomenclature of Acids 


w >onicncitHuic t i * , tm rp 

Tlie scheme generally binary and 

involved and requires that distm 

A ll 


ternary ac 



VJ • 
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Kinary Acids. The numc> of bimiry acids consist <>1 the prefix 

Aydro-, all or part of the name of the nonmetal, and the snllix -ic. For 

f xample. the biiKif) at id containing hroinine (HBr) is hydrobromie 

arid dro 4- broin -f- i* ; that containing sulfur (11 _S iv hydro- 

sulfuric arid * hydro *4* sulfur Hh ic). The names tc»r the other binary 
acids are derived similarly . 

m 

Ternary Ycids. 1 he naming of these acids is complicated by the 
I a *f i hat one non metal may be the key element in more than oi e 
ternary ftflltL In such cases, tin* name of the most eommon arid is 
formed from all or part of the name of the nonmeta! together with 
Millix -ic hut without the prefix hvdn*- % which i-> used only in the names 
ot binary acids). Common examples are 

sulfuric acid (sulfur -f ic) 


and 


IB M b, chloric acid (ehlor + it 
11nitric ac id (nitr 4“ Ic) 


Should Hut.- I* <mresponding adds containing one Jess atom of oxygen, 
flip names are formed in the sitm< manner but employ the suffix -ous 


in plai-e of -itr. tlm* 




and 


H,SO,. sulfurouH acid (sulfur + ous) 
Ht.iOj, chlorous acid 'ehlor -f ous) 

I fNOj, nitrous a« id (nitr -j- ous) 


Tlii. scheme i- I,I,. unlet. still ids containing the kev 

' .*"■ *?"* ln •***» •» hoo, .,„,i hoo* a ,. ids haw 

St 'ii lu" 1 "^ ".. It *«U he noted 

TiTaSis ^, H ', . .ra ,j)er + 

doe* that h- .t aad H M ! Con, * in * 1 of oxygen / w than 

in n .g._i " name ending in -oca, and this information is 

^«P«wlad in the name by using the prefix hypo-. Hence the name 
■ hypochlorou* add (hypo 4 ( hlor 4 ous). 


1—4. Nomi urliiturr of Salt-i 


Salt - 
•'Tie 1 |i 
the 


'? , lh * ^ to* -)«h they are derived 
e 4 . * MlU txrteust of Uie name of the metal, the stem tj 

nonmetal other than oxygen, and the suffix -ide (Sei 
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12.6). On this basis, NaBr is called sodium bromide; A1F, is aluminum 

fluoride - CdS is cadmium sulfide, etc. 

Ternary salts are assigned names which incorporate the name of the 

. i j w hich otherwise conform to the following ru<s. 
metal ail . . ., mp of the salt must end with 

Suffix ate (2) If the name of the acid ends in -our the name of t he 

salt must end with the suffix tie. U hypo-, the prefix 

ends in -tear -ms a _ ^ appUcation c f these rules to 

the naming of the sodium salts derived from the four ternary 
dorine is shown ln-TAbl 1 © 15- 

TABLE 15 

Nomenclature of Salts 


Salt 


Acid 




F ormula 

F or m 

IName 

1 _ - 

--——■ " 

--— 

| f \ j >1 h ‘hlorous acid 

NaCIO 

HCIO 

| NaCK)2 

HCIO 2 

Chlorous acid 

1 g * 1 

NaCIO 3 

IICIO 3 

HCIO* 

Clilonc acid 

Perchloric acid 

NaCIO* 


Name 



Sodium hypochlorite 

Sodium c 
Sodium chlorate 
Sodium perchlorate 


Another practice commonly encountered in t aHCOV' This 

t he use of the prefix bi-, •_/•- names 0 f inorganic salts of the 

prefix should not be used at al ^ ^ rf avoiding it8 use is given 

t ype represented by iNatu-ajj, 

elsewhere (Sec. 

12 10 An Improved System of N- H has 

ai i ,«r inorganic compounds na»| 

Tlu- need for a better system *• in malt in 1940 when a coni- 
long been recognized. Th - ReV eral different countries reconi 

mittee representing the c ‘ ieiT11 ^ nomenclature of both simple and 

mended an improved system f lhege ral her extensive recom- 

complex inorganic g increasing evidence of genera 

i »j..»iu u/prp tnert , 

mendations were md> » ril i PR 

adoption mid use of thoae purlu-uhir i • b i em ot nonie..- 

ginoe * comprchcnsivo dnx uss. m ol ' , discu»oo « 

rl iture is beyond the scope of this bo< ’ [ binaryan d ternary 

limited to the new scheme for the naming 

con 11 Mjuads. 
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V ' 1 1 1 >,,rs 1 1 unary compounds are named in a manner 

' ilrh . !' 1 i!l mnnl,er . of each kind of atom in the molecule is desig¬ 
nate^ y Greek numerical prefixes in all cases except that in which the 

number is one. The names given below for the oxides of nitrogen 
serve to illustrate the method and show that the formula may be writ¬ 
ten directly on the basis of the systematic name. 

. Name Formula 

Dinitrogen oxide. 

Nitrogen oxide. j\jq 

Dinitrogen trioxide. N >0 3 

Nitrogen dioxide. NO- 

Dinitrogen tetroxide. N 2 0 4 

Dinitrogen pentoxide. N -0 5 

Other simple binary compounds may be named similarly and manv 
of the names already in use conform to this system, e.g carbon mo/ 
oxtde carbon dioxide, iron disulfide, etc. Ternary compounds ,,^ 

radical having an established name. element and a 

are^n^tmTs tiTinel^’ 16 ™^’ CfUaterna ^ impounds 

kef■ asa&s: 

accompanying formulas and the corre<mnnd;n VmuaL The 
serve as illustrations. 6 Correspondin S systematic names 

!l1iHl!ii^ rmUla Name 

„ e ^ Iron(II) oxide 

l!' 2 ?* Iron(III) oxide 

p 6 ' 4 Iron(IIJII) oxide 

wlrivn , Chromium(III) chloride 

t Mercury(II) nitr ate 

* t»,: r , Pb(C = H ^)t Lead(IV) acetate 

Oils formula may also be writteo as Fe0-Fe20 3 . 

exhibit more than IforiSn^tabf eTIfznc”'"Jf *r f Seldom 

It should be noted that the fore g o,t ~le s l ' t * etc ' 
of suffixes such as -otis and ~ic. According to th' ot lllvolve the use 
tote, these and similar suffixes are not Z^^tThfn"^ 

^ n f :r nc M s “ ad * *» 

nowever, ,t ls , c | t that the student 
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, f,.., innrmuiir uomem future is presently 

should lx- #wuw "I '!“• fi,, t Thi- i- 

... 

study of chemist r>. 


nf Neutralization 

12.11. Quantitative Aspect* « new 

_ - • « 1_V1A1 


n vt r of l M hydrochlori .id «ta*» ««*»*- 1 ' 

One liter ol . .i. *.... .lnti<ins coni;iui solul* - 


One liter ol 1 " "?«"» ,1 ’ thl> t . N „ ^.lutiuns contain solut«| 

M sodium hydroxide solution t»• ■« r ,.,.In thefodow- 

(HCl and NaOH, respectively) Uk the qunnlitn I 


ing equation*. 


11 Q 1 4- NaOH -*■ n 2 0 + NaCl 

36.5 g. 4° ? 


■ jp m -- ' 

. . „ r „ ar tion nf the solution as 

That is, the neutralization ^ ctl ‘’ 11 ,s> J th ,‘. an pn.jHTtu 

such, but rather is one that dep< _ F relation to the H 

of the solutes. Reactions of neutralist! «. . y( ., y> Af ,,,rd- 

and OH content of the acidic an _ convenient standard solution 

ingly , molar and mola *£££*£ example, 1 Uter of a 1 I 
for use in reactions of ™ f replace able H and can therefor 

solution of ^.f° 4 ?fy ^um hvdroxide solution, each Uter of whn I 
neutrahze 2 liters of 1 M sotiium j 

contains 17.008 g. of O h smce 


H + 

1.008 g. 


OH 

17.008 g. 


h 2 o 

18.016 g. 


„,1 f„r a kind of standard solution whirh » 
This situation suggests a ne .. ■ individuals involved m the 

related directly to the P ICU , these solutions are to 

fundamental chentical eheng^ -^prepared, and used in accord- 

employed. 


ance with this point of view. norma , solution of an acid is 

Normal Solutions o „f replaceable hydrogen ( 1.008 g.) P* r 

one that contains 1 grain atom of J” fod voUinie 0 f a 1 N solute .n ' i 

liter of solution. Oil this basl f- , hydrogen as the same 

,mv acid contains the same weig P X his relation may be c an- 

volume of 1 S WgSJexamples. Su Pf «* «•»' ' 

fed by consideration off«fe rf each of the amdsjia 

iiSo„ and H,PO, Tim wvnght of solute^ *-« g 

(a) HC.1: Mol. wt - ^ enough wat er to make ^ 

Consequently. 36.4f>o oontaining the exact weig 

by the definition of a norma. Ration o 


an ae 


id. 
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(b) H 2 ^0 4 : Mol. wt. = 98.076 g., containing 2.016 g. of replaceable 
i>drogen. If 98.0.6 g. of H 2 S0 4 were dissolved in enough water to 
make 1 liter of solution, the resulting solution would be 2 TV since it 

" uU |;l 2 atoms of replaceable hydrogen. Accordingly 

rf ° 6 f T v = | 49 -' 038 f' HjS0 ? is the squired weight of solute per 
utrr <>! I A solution of sui uric aci< 

.. W H.PO,: Mol. »t = ‘>8.011 g. Since 1 gram-molecular weight of 

conl ?‘“ 3 gram atoms of replaceable hydrogen, the weight of 

l ,PO, required to prepare 1 Uter of 1 N phosphoric acid solution is 
98.041 -f- 3 = 32.682 g. 

Normal Solutions of Bases. A normal solution of a base is one 
hat contains 3.008 g. of available hydroxyl (OH) per liter of solution, 
n o t ns definition, the weights of potassium hydroxide and 

tkinsL ' dr ° Xlde ’ ° r tXainple ’ required to P re P are 1 Jiter of 1 N solu- 

_ , Mo1 - = 56.101 g. Of this weight, 17.008 g. is con- 

n u > t sons <)H radical. Consequently, 56.104 g. of KOH dis¬ 
solved m enough water to make 1 liter of solution provides a 1 N solu- 
tion of p< (assjum hydroxiile. 

g. of (HI f °Hen<t IO iq-I 17 i‘ 376 ?■’ containi ng a total of 2 X 17.008 
• , * .1.1.3.6 : 2 — 85.688 g. is the weight of BafOHl. 

required to prepare 1 liter of 1 barium hydroxide solution. 1 

run, the preoadm* examples, it should be apparent that any given 

; -.7»«» 

1 V 1 \ s "l"tmn of a base. For example, 50 ml of a 1 /V 

solution of any a. id contains just exactly the quantity of H required to 

leads directly^ reMi^T”^ UP ° n ^ eases 



X l !«,.) — X 1 


( Oftac ) 


" fV ^"e, respe, tively. 

. c 

able H and OH it ^ in terms of replace 

possible also to df»al irifK rwv i , , pparent that it would b 

"tli'rlh , | „ !,T of «»«. which contai, 

MUM . Internes of equivalent weights (Sec. 2.2), however 

11 **< t, barium hydroxide is not sufficiently art 11 • 

P«WUf® of a 1 .V solution „( this base t ® ! n Water Permit th. 

*-« *> ~ tue a „d,7";' - f •»*- **■% c* « 

mt * 
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it should be noted that 1.008 g. of hydrogen oonjdut. s I gram- 
mroivalcnl weight of this element. Similar!s. 1;' M"«>' 

radical must also constitute I gram-cqmv alert weight of » 

is the quantity that combi,tee with !.<»« s. «f hyd. - "• ' . foBo ” 

..,!.av define anv .mat solution as one whlcli con one 

gram-equivalent weight of solute in one liter of solution, flu 
delinitinn obviously embraces the mure specific designations go' " l ir ' 

viouslv for... I solutions of acids and normal eolutwne of baaee 

teth^^eration is given t» normal notations of salts 

a,tenth,,.> he given with profit to ..I* 

with aeiris ami h-to The lirsl !- «;* " ™ l„ tar 

solution vvhiel, eontams 31.30 g. of II .X'o ", - 

wei'dit of HjSO, eontains 2 e,|,„vale„ts of hvdrog. 

* rt 1 f ' i \ 


Gram-equiv. wt. < 



mol. wt. of Ht SO« 

-T 

98.08 


from which it follows that 


Normalit). — 


= 19.01 

wt. present 
equiv. wt. 

31.39 



-- 0.64 


Consider also the Mown* Miff 

equivalent weights ol '.*(011), are conna. 

calcium hydroxide solution mol 0 f pit >H >3 

Gram-equiv. wt. ol Ca(OH)* — 



= 37.018 


rids is the w eight of solute that w ouW l*P«* ^ mL 0 f I » 

iilciuin hydroxide solution. Th g P 
solution would therefore be 

37.048 X 20 9 1000 X 0.04 = 0—96 g- 

and. since 1 grant-equivalent weight of calcium hydrox.de » 
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i* * » 0 2^() 

37.018 
= 0.008 

Normal solutions of salts are considered on exactly the same basis 
For example, the molecular weight of the salt k 3 P0 4 is 21 •> ’7 

gra , n-e<pi , vah>nt weight of potassium phosphate must therefore be 

" 7 “ 1 . ‘ °’ 76 ®*» ® noe t],, s quantit> represents l equivalent of 

either | Hit ass, un, or phosphate radical. Consequently, 70.76 g. of 

pbLl ^u!;:;: e,g reqmred to 1 ,iter ° f 1 a ***« 

Although normal solutions of salts are sometimes used, they are eer- 
tamly less common than normal solutions of acids and bases.' 

operation ot Normal Solutions. Since solutions that are 1 N 

are ustia v ton ctiitnqit, 4 . . 

„ S \ , \ ,M V 11 ■* more suitable to 

In order to illustrate the procedure invoke ♦ , normality. 

M \olunit a solution ol some specihe<l normality suopose that 

1 r ‘ m) -> sulfuric acid solution. The first emblem 


'18.070 

O 


49.038 g. ILSO 


1 l*»<T of 0.2 Y sii Ifnrii at id solution requires 

49.038 X 0.2 = 9.8076 g. H 2 SO< 

ml ‘ oi 0 2 V sulfuric acid solution requires 


9.8076 X 

1000 



L r 



N. M woqkl eeitth nut cm, lly 6.8653 g. of „„re u e n 

.mrt.ni. , , k of su " ul ’ 1 '' <*»■. then add j 

.nalu , total volume of exactly Too ml. of solution 



it 






1 Define the following terms: (al ac id n nk nJ 21 /L 
** QD> ,i indicator, e) end point. 3 **’ ,h) ne 

acid (H^a^ 'r; , ; ,a0f the “hydride of chromic acid 

ol perchloric a< id? 

3. Show |.\ nifdii, ,,f an eouation tb.t »■ '« . _ 

time the anhvlride . f I ,u m “ thal ch, °nne dioxidr 
4 W rite H ,chloram and chloric acid,. 

% equation to represent the reactions that occur 




auon, (c) titra 


t), carsenic 


~ ! ^ the same 


t*en the following: 
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wn (.idcium liydMKide ttttd '"IT"" 1 1,1 

(b) Bismuth hydroxide mid I. x d. < .ehl< nie a, ..I 

(c) Magnesium hydroxide anil acetic add 
(•/) Ivcad hydroritl'" and phosphoric a. id 
(«■) Zinc hydroxide and hydmhromic arid 
(J, potassium hydroxide and hydriodie and 

(g) Barium hydroxide and ehtorfe and 


\* J 

. r i, r ft 1(l fi, 11 ,iwTiMf simple buury 

- Write systematic names for each o( lie tollovwiv I 


(a) SCI | 
(c) SiBr 4 
(e) Na 2 S4 


(/>) 
( d) 


P 2 O fc 

PbOi 


f \s.O 


(e) Nft2^4 

, * J r nitmimii \,() is commonly called nitrous 

6 ' 0f l !x!rT ng uTViiirt- iixide \s>uming, however,that the ^ulB» ' • 
oxide and NO is known a* nitric ox.u n(ime8 for the foliowu- 

and -ic are not to be used at all. assign suitable 

N 3 0, NO, NO*. N0», Nrf)», NiO* corresponding fornudas: 

7, From the following names, write the corresp ug 

• 1*1 


(a) 

(c) 

(e) 

( 9) 




Plumbous oxide 



ft 

(d > 

(/) 

(h) 


aim< >us h >did< 
Mercuric wtfM® 

1 r« »n; 11 • <»\ide 
Bismuth III rhl-ridr 


8. Write systematic names tor the »•»">? 



Ali(SO0i 

Cu(NOj)i 


312 



3 


. m the corresponding f°* hhjIh^. 

9. From the following names, write the corr p. 

Hnnr de 



\gClO4 
Cd 3 fP0 4 j 2 
Mb NO*)* 

Sn*» P< * 3/S 


Nickel sulfate 
Barium chlorite 
Lead acetate 
Sodium phosphite 


Strontium fluoride 
Magnesium perchlorate 

Zinc phosphate 

Silver hypochlorite 


problems 


• el «r» rtnM.are the following solutions 

l. Find the weight of solute requir 

, . 9 , iters 0 f 0.1 N phosphoric acid solution 

A) m ml. Of 1 A potassium hydroxide su nt.on 

c) 200 ml. of 0.06 N perchloric acid 
\1 ! 5 liters of 1 M sodium chloride solution 

</> 100 ml. of 0.1 IV lead m . ^ Ing rfa.im. 

2. Find the weight oi solute conta 

_ ... f <1 ^ jij hvpochlorous acid solution 

(a) 1 hter of 0 - * yj*** hvdroxide solution 

\1 50 ml- of 6 N sulfuric acid solution 
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id) 

(e) 

(/) 


1 ml. of 0.75 TV hydriodic acid solution 

100 nil. of 0.5 N copper sulfate solution 

3.5 liters of 0.001 N trisodium phosphate solution 


5. What is the normality of (a) 1 1/ 011 ir. * * . . . 

hydroxide solution, («) 2 A/ phosphoric add Zt "In? ’ ” ■ od,u " 

1. Calculate (a) the molarity and (6) the nnrmuliiv r i 4 . , 

16 22 g. of ferric chloride in.50 ml. of solution. * ' ' ll, “‘ 

5. What is the normality of solutions that contain: 

(a) 266.68 g. of A1C1 3 in 2 liters of solution 
(b l 1576 * of HNO, in 1 liter of solution 
(f) 171.1 g. of A1 2 (S0 3 ) 3 in 500 mL of solution 

6. What volume of 0.001 IV hvdrosulfimV . ,i„.- 

0.66 ml „f 0.02, Af h.vdrobrnmir arid J",iS ■>** » «* 

aemr ^ ^ -..'red exact* „ 

, v ~, - 01 a ,)amim hydroxide solution. * 

Calculate the weiaht of TWO Hi « ..xi • , . 

solution. 2 auied in, the .58 ml. of barium hydroxide 

(b) Using only the weight of solute fcahmlwtok . - . ■ 

1 7z ' l ?: , r* d t ““ 1 .. ” * M - 

tionship given iu Sec. 12.11. axum hydroxide solution using the rela- 

8. How many grams of Zn(NO«), are reonired i . 

solution? required to prepare 150 ml. „f 0.5 \ 

9. For use in a certain reaeLi,,,, there is required exactly 0 q- • , 

smm iodide. If a stock solution of 2 N K1 is aV a ,t, U i ****** of 

this solution should be used? > how many milliliters of 

10. How many gram-equivalem weio-io- r 

to reduce the LmulityTi.Ma? ^ Mb"*. solu.iun he diluted 

S °i U 3 ti0 Ei ia ht° rd fi r r t0 1<mer *** ml ' ° f 018N,,>d,ud,1,,ric acid 

th 14 0, Q t,0I ]- WaS 0 0 ^•^What vi^nie^of^a^^h^iit*" ,ll,tiou was diluted until 
14. One liter of 2.24 N sndiim. ,, ir » , . 111 * JtfT8) was added? 

ality of the solution was increased to^ 80° nw. *** * va l K,rH, ed until the uor- 

removed during the evaporation "■«*« of wafer m 

addiC cf rf placed in wafer and neutralised by 
grams) of the l„ rap of ca ,„ x f d “ the, ” ,cal «I“«t.o..s, cdcul.te the migkl (ill 
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CHAPTER 13 

REVERSIBLE REACTIONS AND CHEMICAL EQUILIBRIUM 

The idea of two processes occurring si 
directions is not a new one. Such related u 
he involved when a volatile liquid such as 
water vapor in a closed vessel (Sec. 7.5), 



>Jv but in opposite 
processes have been seen lo 
water is in contact with 


Ho( //,. . 

- ^ Uiqui 


quid) 


II >() 

iferi 


while, at tin* same time 


(vapor) 


H A- Por ) —> H 2 0( Iiquid) 


Similarly, when a saturated solution of „ • . . 

undissolved solute (Sec. 10.4), g CXJsts ln contact " ith 


and 


Ci 2 H 22 O n(8oIid) —> C 12 Ho.,0 

■* ** 4 - » —^ 


11< dissolved) 


I hese 


"i 2 H 2 20 11(diMolved) > Ci 2 H 22 0 1Ufi n 

"*■ 111 solid) 

■"* may be represented each by a single expression, 


^^20(]iq U i d ) ,— H 2 0 (v 


apor) 


Ci 2 H 22 0 n , BO , id) _ Ci 2 H 22 0 11(di81K)Ived) 

Here the double arrows simply indicate that th^ „ 

Hater to water vapor and the change from ‘ KH erS,0n / UqUid 
Migar are reversible processes. Although these two ef" i° dlSsolved 
'-rned entirely with physical changes, they sul^t , h , 3re C °"- 

. . may 1)6 amid ^d among chemical tranXrmlu„„r S '' tUa ' 

13.1. Reversible Reactions 


In Sec. 3.3, the formation of water was represented by the equation. 


2H 2 + 0 2 -> 2H,0 


* thC " methGd 


2H 2 0 -* 2H 2 + Oo 
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v rnnibiiied into a single expression, 

These two equations may be comDi 

211 2 + 0 2 ^ 2H 2 0 

which provides the information 

is a reversible chemical reac a ‘ tin „. if the rate of formalion 
sition of water may occur at decomposi tion, the two chemical 

of water is the same as the rate tendencies which is known 

reactions exhibit that balance of opposing 

as a stale of reaction has been encountered pre- 

Another example of a rev « the reaction, 

viously. The formation of hydrogen oy 

3Fe + 4H 2 0 Fe 3 0 4 

• r ‘Aa r\( iron b\ means of hydrogen, 
and the reduction of magnetic oxi 

Fe 3 0 4 + 4H 2 —> 3Fe + 41 2 <) 

rciVilp svstem which ttisy be repre 
are also seen to constitute a reversible syste. 

seated by the single equation, 

3Fe + 4HiO - Fe s O, + IHt . 

• ■ that is capable of proceeding in 

A. reversible chemical reaction w systems of this sort, the 

either of two directions. In rele ™" g ted ’ by the arrow pointing 
chemist speaks of U» reaction ^^ repre sc„ted by the 

toward the right as “the reverse reaction, 

arrow pointing toward the ' eft aa e Thcre are, how ever, many 
Most chemical react tons are rty as reversible processes, 

reactions that can hardly be tlioug to find experimental con- 

ar by mean* of 1-t ^ all ^ersal 

sition, etc. 


sugar Dyu- - CO nceivable that an reversal 

knowledge* 

13.2. Kates of Reaction con dition of equtib- 

rr , l . i of reversible reactions that re comparative 

The study ol icvtx investigation ol uu r 

rium is largely concerned with me ^ ^ cha i r 

t wilh ,te qua " 
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material undergoing chemical transformation in unit time. The pro¬ 
duction of crude petroleum is expressed in terms of barrels per dav. 
n an < ntireh analogous manner, the chemist speaks of the decompo- 

s.1.on oI potassium chlorate as proceeding at a rate of 0.1 g. per sec or 
1 mole per hr., etc. *’ 

13.3. Approach to a Condition of Dynamic Equilibrium 

Before proceeding t„ any detailed study of specific cases, it is helpful 
o attempt tovtmahm die sequence of events leading to the establish 
meat «l a state of dynamic equilibrium. This may be done in a general 
".ay without reference to any particular reaction, and the resulting 

'' l |u'i'libri!r tUr<? 18 e<,Ui,ll> <ippl ' rable t0 h 0 *' 1 FIiysicol and chemical 

•Suppose that tivo substances, t and /), react to form two other sub- 
s ances, C and D, and that the reaction is reversible. 

A + B C -f- D 

If 1 mole of A and 1 mole of B are brought together, the forward reac- 
ton ts re only one that can occur initially because some of C and D 
.oust be fanned before the reverse reaction can occur at all I„i“i 

T 1 * 0O) “ of 1 and B is rapid hecause 

frcuuentlv ‘ II mo ecuk ' s P’'’-' 80 '" and tlle y collide (and react) 

p 'r'L,, ; i t- i a '. ,ble moiecuics ° f a a,,d * are «•* 

reaction becomes slower and slower i I , , ol lhe forward 

collide not only with each other but wit! tfc moecues A and B 

molecules nresent * i 7 b ! th themse,ve s and with other 

1 , * ^ r< b< nt ’ e -9-, molecules of the products C *nr? n r> 

quently the probability of collisions between A and B dee T 

number of other kind* nf ,,^1 1 " u /> decreases as the 

tune, the available number of molecules of C arUfnT u 1 h mean " 
si- -lily, and this in turn permits the rate f ^ has been mcrea sing 
increase in proportion. So, while the rate of tl r ® actw ® to 

‘ -allw tl, rates if the 2**- j“ S * 

t-> reactions continue to occur withouT^T^ GqUaI ’ and the 

direction. The reactions have then arrived^ ^,5 gm ” In either 
e. 1 'iihbrium. arnved at a condition of dynamic 

l f.4. Completion of Reactions 

In their practical applications either for small i i L 

or m commercial use, reactions are usuallv r .T® * laborator y 

art usually carried mt for the purpose 
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of producing some desired product or combination of products. 
Advantage is taken of the union of nitrogen and hydrogen in the syn¬ 


thesis of ammonia, 


N-: + 31I 2 ^ ± 2NH 3 


but as U indicated by the equation, the reaction is reversible and 
reaches a condition of equilibrium. In this or in any similar. as.. m 

desired 1 product^ean be formed before equilibrium is established. In 

Fe 3 04 (solid) 


Fk;. 67. 


Conditions leading to completion of the reaction. 


r ^ ^- 

other words, it is desired to cause one reaction to proceed as nearly as 

SSf a - n*-“' 1 "» 

sented by the reversible reaction, 

jr e ;j o 4 + 4C0 ^ 3Fe + 4C0 2 

H this reaction is carried out in an apparatus of ^yp-hown in Fig. 
67, the forward reaction may be caus. Q ved and is, of course, 
which is formed in the there by participate in the 

unable to come into con *c nt the reverse reaction is ehmi- 

re verse reaction, oy tms «ui“ u 8 



Fig. 68. - ” . . i 

nated by keeping apart those r ^' lau ^ ^fj^ther hand, it was 
«r~£*L T :Z ^ out this reaction in a rdosed 

(Fig. 68), a state of equilibrium cool <* *=* ‘ an to 
conditions, not gain m the din < .^..ydibrium unless ways can 

r ,.1,1iced only until tlm reaction at the 

be found to influence the rate 
of the reverse reaction. 


Conditions leading » estahlislrnrent of the erprilibrimn. 

















reactions and chemical 

pp 

IX *. letjtit'fo «» t \ i rent ration 



EQUILIBRIUM 



I'MlilL' 



thr punt <* >*•* U tin* Urn t .cHWoleouUr tW*. tl„. oorur- 

"*** aim "»'*•«» *P«*b upon ooBmom bn m „ „„,|,vul,s 

wh «U n c et . Tbr tote/ .«>**/ of a fken r, a, taut is 

. l " P ° rtaftt lhlln ** U,r ^ '*««•*«“ of aratkMr molecules 

MUn^h ft fa not t* «t« ai »,tli lit'iir* ^ ... 

«Ct«al nuiubrr tif molfrut,-* contained 

| i . "•—“••H-M by ^, 4 . ... ,.. rMls 

.rwit-m. ii. ut«r . ,..r moM >>f „ .. 






















m 


IMW 





* ‘<1 in a I -lit* i 




v •‘TUftiunn in aix titer 1 -lit. r flask. In 

tipfww of origin fm-r unit xduroe, tli 

by C* and reapcrtivcly) an 

-- g. pr-r inno ml. 




"Mi-- g. jwr ml. 

22 *? P**r 1000 ml. 

a 




p;0.o22 g. j«**r ml. 


® rfl *** ^ rariroitrq/i 
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taut i.e., the molecules of a gas are aU readily amitabk to reaction, 

and the number of molecules present per .I ol volume govern. the 

probability of reaction. With solids, however the situation » vastly 
different. Reaction can occur only at the surface of side«. 
where the molecules of the solid are exposed (available) a 
lump of sulfur is allowed to react with oxygen gas to form 

dioxide, 

O2 "b s —» SO2 

+* nan norm only on the exposed surface ol the lump of solid 
" H i ll the sulto is present at a definite concentration 

ri *itW ks crams per unit of volume or gram atoms per .mil 
7vTme As the 3^ proceeds, the sire of the lump of sulfur 

decreasesTboth the total weight of sulfur and the total volume occupied 

bv solid sulfur diminish, but the quantity of sulfur per uni 10 "me n 
*Mf f remain* the same. For this reason, the concentration of a 

solid substance is said to remain constant . 


13.6. Law of Mass Action 

I • lx tVnx *ntp« of reactions are influenced by con- 

reactants. Consider the reaction, 

Hi + Cl. — 211CI 

If 500 molecules of hydrogen and 500 

together at a suitable temperature !" a ““"^briuin, the 

of HC1 occurs, and an equilibrium bter> If now the [H*] 

[Ha] and [ClsJ b , n i t an additional 100 molecules of H 2 , 

is increased by placing in J molecule will collide with a hydro- 

gen molecule is certainly enhanced. bvdroK en, more HC1 is 

(increase) in the molecular couun 1,1 : equilibrium becomes 

formed, less Cl 2 is present, ani ^ m t ( m condi , ionS) howeV er, more 

established. At this new set of e( ^" , ^ the original equ»- 

1IC1 has hem produced than W88 . 1 _ bv increasing the 

librium was estate, W- ^ 

molecular concentration of o i|ibrilim mixture containing 

riuin mixture was replaced by a mm 1 , by decreasing 

more hydrin chloride and original 

the molecular concentration of either ot ine 
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equilibrium mixture could have been replaced by one containing less 

hydrogen chloride If one wished to produce HCI commercialfy by 

bTnmff hi" r lf H ' Wer<! c,lcap and C,! ex P ensive ’ it certainly would 
We qulntdv of HCUr “““ ’ ° rder ‘° get “ ,e maxin """ l—i 

dr quantity of HCI from a given quantity of Cl 2 . 

13 ' 7 ' e ^£ u * ElPerimental Conditions upon Reactions i„ 

In any consideration of the effects produced by changes in the eondi 
tions imposed upon reactions in equilibrium, it nmat I,,- kept in mind 

changes are made. The reactants and products are nil uZZter ", 
mixture and one may not properly think of the effect „f ■, in 

ST example ’ "** in — ° f ;; 

tion^of^Tcomponent oT a'nTqWMum^^r ".. ra ‘ 

rium situation has been illustrated in th '"' n " N 1 ''qinlih- 
equilibria involving gases a h u^h preCed,ng section. For 

concentration. An increisp in ik. P amounts to a change in 

gas causes the molecules to occupy a^maUer t'f h*** * 
there are more molecules per mht volume tV' ^ r'T’ a " d h ® aCe 
each gas in the equilibrium mixt ure is increased o iSl tl ^ eSSUr< ‘ of 

the change is at least »''« ^ of 

of the mixture. all gaseous mmiHiucnts 

tion depend^poli^he 1 nature 11 ©^! 1 Cr ^ incma » ijl <<”><•<>,. fra- 

fhesis of ammonia from nitrogen ^^ydh^, 1UV ° IVed ' 1,1 t,u ‘ s> n ~ 

iP 


1 1 O 


+ 3IIo ^±2NH 3 

1 vo1 - 3 voi. 2 vol. 

it is seen that the nitrogen and hydrogen tor-el her 

volumes when uncombinod, but occ nnv 1 f, , ' Py a total of four 

bined in the form of ammonia. If the four vo'l" vo u "! es .'' lle " com- 
hydrogen are subjected to an hu-rease i„ „ rat “* en an<) 

occupy a smaller volume. By eombinine t P " “""'' lht ' h’a»'s must 
gases are responding ehemiealiv to pnaluce the^rf a "" n, " lia . U» two 

■brium mixture contains relatively mnn .' ^ u, '. ,l »»wWn*«qoi- 
T " iS i9 ” dy example 

wmcn reactions m equilib- 
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rium respond to changes in conditions. A Z 

ing the Character of theee re^onses « k^TO ae slre9s 

principle). If a system .n «.u ld r, ,s subjec t ^ 

or constraint, the system responds si Nntnnlv 

rnimteract the effects produced by the applied stress. J 

c ha ncres in concentration but also changes in temperature constt u e 
“stresses” or “constraints” in the sense that the, Aend U, dcstur 

established conditions peculiar to a particular eq . . . 

^moeraTure. If one of the two reactions in equilibrium is 

exothermal, the other must be endothermal to the same extent. gate 
1 using the synthesis of ammonia as an example. 


No + : 



o 


2NH 3 + 24,500 cal 


the forward reaction is seen to he exothernuih £''Z 
tion of ammonia may >* n.«de more 0 * bym,™ g f ^ ^ 

(one of the pioducts o re verse reaction is favored, and this 

supplied from the ou si e ’ relatively richer in nitrogen and 

leads to an equilibrium mixture reiauvt . 


hydrogen. 

For an 


change in the c 
to those com 
for) i ied exoth 


Oinerma. reaction, an increase m temperat 're 
composition of the equilibrium mixture that s 

formed endothermally and unfavorable to 

Just the reverse is true for a 





111 


temperature. iu f, ue »ce m equiubrium situation only 

Catalysis. A catalyst c . the spee d at which equihb- 

in the sense that the catalyst may ^ . t established at a 

lower temperature Oma J ab| £ hcd more quickly and at a lower 
ting equilibrium lo b t , ... • *1 e absence of a catalyst. Not 

temperature than would be p<p s lf j vt . n quantity of product in 

only does lids pernnt ^ ^ rft6e lesser bent energy 

shorter time, but it also reduces 



13 8. Equilibrium Constant ,.r rtriulucing 

When a reversible reaction is carried Olddepends 
. certain pna.net for eal. be converted to 

the desired product or pnahn Is. It■ 1 , ,Wy arenel.on 

u m. •ms of determining expm.neiil.ill> . Com ider 

approaches completion belon' cqu.unrni 
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again the reaction 


I + Iff* 5*± 3Fe -j- 4H.0 


,1 /,, represent lie ralouf I he fonrart react ion and R. thereto of the 

r' '"'" •*» of action. therate of ear l, ruction 

“ 1 —por.I to the product' of the molecular concentrations *7 l e 
reactants, hence. 1101115 OI u,e 


- k i X [Fe,OJ x [H 2 ] x [II.,] x [H,] X [II,] 


= *, X [Fe 3 0 4 ] X [H 2 ] 4 


H 


B 


k! x !Fe| X tF *J x l Fe > X (H.OJ X [H,0] X [H.OJ X IH.OI 

= ** X [FeJ* x [H,< )]< 

^ Lttxzz fifg "" i ;' h rTOt the * 

"T** * "»• molecular ^,12 rf 

replaced by , lie constants C and Z>! respec'livejy!^ 3 ^ 4 ‘ U ’ d 7? ”** * 


or 


and 


or 


^ = *iXCx [FI 2 ] 4 
Ha = K l X [II 2 ] 4 

Hb = k, X D X [II,O] 4 


A* = A', X [H 2 0] 4 

" hen equilibrium b«™, established at some definite , 

M,,d pressure, the two rates of reaeti - dehnite temperature 


Substituting. 


tion must be equal, i.e., 

Hb = Ft a 


A 2 X [H 2 0] 4 = K 1 x [H,] 4 


, , ri _ “ 1 “ J “ /V 1 X i 1 12 J 4 

1 1 he fact that the • 

conot-ntral it ms is to t he or!Z “ U) { P^duct of the molecular 

" he,,*,,,., „, d „„ ,23J £ *-r- If dice 

V" " l,s "« ,,nl > «• die is one in sir (U\ K * T’ the c,larice of turning up 
; ,n, v l,ne f^hich has the ace on it. Li'kewiTTh t ^ ''** 8, ‘ X diff ° reat faces, 

that Nth At 8 SeCOnd di, ‘ is ' ;, ' f is also i 6 \\ j, ' that anolher ace will 

■ t both w,| turn up aces *imul<aneouslyhoull 1 in Z Z ^ CaSt ’ the cfaance 

tte combination appears only once Wjo f , combina tions, in which 

protelahty that the reacting molecules wid aoZ “ 'I"** ***** “POa 
1 11 ,n h P a ce. • f liear simultaneously in a giv eu 
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a i 


id 


[HsO ] 4 = A, 

' [ H 2] 4 A' 2 



[H 2 0] 
IH 2 I 


= X 


K is the 

under a specifled set ot «^emaertd ^ ^ ^ earlipr stntc . 

IS £ SKI. appropriate client 

m Thist^ibriSi constant is smiply * SSSSw 

ratio of the molecular concent < tk . ular equilibrium becomes 

centration of H 2 present when . g entire ly independent 

established. The numenca Vc ^ reacta nts are brought together, 
of the original proportions 1 _ For tins equihbrium at900 C.. 

but it does change with temperc • / v _ 0 . 86 . Increase in 

the numerical value of K means ithJH l fa ^ word9> increase m 
decreased with increase in tem ?^ mixture containing more H,0 

temperature produces an Zired result- The larger the 

(and therefore Fe as well), w ^ more nearly complete is the or 

value of the equilibrium constn , ■ ^ nume rical value ol A Ho¬ 
ward reaction; by tie . Ql did m % proceed very far before tqui 

cates that the lonvard reaction 

rium was established. Concentration 

13 * Influence of Changes in Temperature and Conce 

• upon the Equilibrium ^ wnoe ntr*£ 

The manner in vhich ta *£ 

influence the composUmn ol «-‘lu ^ ^ distinct urn ^ twetU f 

13.7. It is important here 0 compOS ilim of the equilibrium m 

Slid upon the numencd vdue r c . han ,res in temperature an 
Consider, for example, th enee 


K .onwuci, - * . 

centration npon the eqmhhnum 


1 1 !(*»«) + bifga.) 


2HI 


I gfl-l) 











-ec. 13.9 REVERSIBLE REACTIONS AND CHEMICAL EQUILIBRIUM 183 

■ Which there maj he written the eqnilibrium-constiint expression 


ft a 




i) 


X [1 2 ] 


ki 

k o 



The equilibrium constant is seen to be the ratio of the specific reaction 

wrte constants Aj ami k 2 for the forward and reverse reactions, respec- 

tiv. K. at some definite temperature. If the temperature is changed 

the rates of these two reactions are altered. Consequently, kt and kl 

!hange, and A must also change accordingly. W hether £1 or k* 

m<n ases cr de creaaw with the change in temperature depends upon 

winch reaction ,s endothermal and which is exothermal. One nJust 

her, lure conclude that temperature is the only experimental variable 

that can lead to a change in the numerical value of the equilibrium con- 

< • is possible that even a change in temperature might not 

r«-a t many change HI A. This could be possible only if the particular 

‘ I— lias the same net effect upon the rates of the IbnC and 
'erse reactions and il«i- j_ 1 1 . “ X1C * 





\ , „ • , .- 1 ui,usuui circumstance. 

pH . ‘ * . P sure mcreage or decrease) would have no 

' " T” 1 c . ,,,M ‘ r 111,1 r °mp<*sition of this equilibrium mixture or the 

n,7 ,11 " '1 1 ""' * qoUa * i r‘ Two volumes of gaseous 

; the* is m, diir.-n-nn in voCCtLeZTC^ 

"on of the ..pnlibrium mixture. Bv ,!„• s2,' 2 , , I' 0 "' 1108 " 

. ,h "trauon ol all components of theH 

. . I* ,he —W ™>ne of 

iJSi-SEiK sra ii , fo "°' vs that the 

-.. t JtSSZZEsznS! 2 resi,lling equi,ib - 

r"■ Hi" relative eotu-en,ration! 'ofTl'.fo" COni ' en,ra,io " of Hydro- 
value of K there ,s no in the numerical 



Pjjplue of 

r s - •> 

•.. example, an hJa.se huhe 2,cm r2 ""r Ff** ° f 

constant temperature changes the , tratl ° J1 °1 hydrogen at 

t'ire but does not change the value of K * Ti" ° 1 Ie ec}Ulli l jnum mix- 

"•'„t in (he relative eon. .mirations so that tWn™' ffS “ “ read j ust - 

SO mat tile numerical value of K is 
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This of™..-I. in.... 

of NH3 and a decrease in the concentration o 


13.10. Calculations Involving Equilibrium t ons.ant- 

_ I 1 . i 1 » k w v li E i I 


.ill. UIIi-uiaMv«»- - - . 

i . f nn rmfirnW fa” ! esse. assume 11 |; >* tnuden 1 

In terms of an «ntm > s > u ,,,. lh ,. r in a known volume 

4 and 1 mole of a reactant It or. I' ", - .,„.,s|n, ta < 

at some definite temperature and tl.nl they " "' 1 

and D, thus, 


A 4-B^C + i) 


• a 1 ,i Q ip iii(‘ 11 luili 1 >riuin const : i I or 11 lis react ion, 
The problem is to calcutatete^i ^^ ^ concentration.of A, 

and in order to do so * .rnKrh.m becomes established. 


and in order to do so 1 it> * suhrinm becomes established. 

B , C, and Z) that are ...dud ® » 

If, at equ.Ubm.rn, t ts found t equation (hat 

0.3 mole per bter, it is fWf™ ' r ™ , :1 ' noK , ralio and since 

(Cl - [D1 “ #-*• TO , en tration of 1 mole per liter, the" 

each was present initially at a «>» ' « n = fB l _ 1 - 0.3 - 0.7 

the equilibrium concentrations n 1KW ; im con8 , a „t for the 

mole per Uter. The expression for the equin 

reaction ill 


K 


[Cl X [D] 


[A] X [B] 


and by substituting the appropriate nn 


ileeular < oncentrations 


_ 0.3 X 0-3 

K " oTTx o'." 


and solving, one finds that 


K = 0.18 




_ . . r „ f/ir oriP ,,i ticular temperature. 

Since this value for A is s P e( l t of the components of t » 

change in the concentration ol one ° . in a readjustment 4 

must be such that the numerical alue ^ ^ ^ ^ tbe w .l> 
Suppose, for example, mo lecular concentrations »£» 

follows: 1.41 - 04 161 J”, for the equiUbr,uni « 

these values together * ,t ‘ . . D esJ . n , at equihbnuro m . 

slant, the molecular concentration ol u p 

calculated as follows: 
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0.08 X [D] 
0.4 X 0.4 


= 0.18 


• [D] — 0.36 mole per liter 

^Another type of reaction commonly encountered in the study of eoui- 

ubl'Z 7,l * ga -7 7 tha ‘ in wUch a «*npl« 'molecule 

subdivides (dissociates) into simpler molecules when subjected to 

pv 7_ a ed te “P eratures - Thus > N 2 0 4 molecules dissociate into and 

aHauilZ T " 1 T' N °V m ’ ICCUleS - the “rations „ 

heated. Suppose, for example, that the temperature is such that the 
lihSm 2ZZ and » hat H is »#- to find the etp.i- 

^ 2NO„„, 

It is seen that complete dissociation of 1 mole (or i volume „f * o 
produces 2 moles (or 2 volumes) of NO,. If one ataTTh , , 

LoLoTnV T” d‘ C f S t nUm there 18 prese,,t 1 - 0 75 = 0.25 

p^r^rr ^ the reiative “ 


K = 


(moles N0 2 /total mol es) 2 
(moles N 2 0 4 /total moles) 


= (1.5/1 .75) 2 

(0.25/1.75) 

= 5.1 

In this instance there is only one reacMnt anA i 

sequently, if a t the same temperature the d . °5 product - Con- 

supplemented, the concentration of the ***** 

ctently to maintain the above value for the e " l^, tS77 

general exercises 

1. What is the difference between nli»r • i , 

2- W hat advaatageU invohTlT" P S 0>1 chemi «‘' ^fflhria? 
concentration? “pressing concentration in terms of molecular 

State the following- laws: (a) T^> r’kft* 1* » * 

(see Secs. 13.6 and 13.8 and formulate a comp/^'sta t7’ 2 of ,,,ass actio « 

4 - Indjtate d^rly Uie nature of 

pressure upon reactions in equilibrium and give one ! teu 'P era « are and 

Us,ng the meth od outlined in Sec. 13 8 deriveTh "^* l ° Ulustrate eaf,f i case. 

’ denVC the ex Pressi on for the equilib- 
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ium constant for each of the following equilibria: (a) 2S< - 2S0, <*“>’ 

write the final expr^hm for the equilib¬ 
rium constant: (a) 2N0 2(ga „ ^ N 2 0 4C|5M „ tf>) CaC0 3( .„iui> - CaO ( . oliJ ) + C « 

<C) 7 C SrU + eSroi7he 2C e^bria listed in Exercfae. 5 and 6 indued b, .a 

‘“sTlay S^rie, what determine, the «U«t to which *.J™ 1 ««*>» 

proceeds toward completion bef eq , f ,u e equ ilibrium constant 

9 Why must it be true that the numerical value oi the equmi 

changes only with change in temperature? 

PROBLEMS 

1. For each of the following case., calcolate the molecular concentration in u™. 

°* ( T°'?9Wg h ofanlfur dioride (SO.) g«, in a volume <.f Uiten 

« 19.02 g. of methane (CHO go ™ !he equilibrium coneUnt 

coL^ndtag "to Z following equilibrium concentration.: [A] - 0.., moe. 

W-0.2 ">*• Id - « clunrmion of one of the reactants ia the 

‘ he £T “Xaum d so that in the new equilibrium nurture. [41 - «• 

\B] -0.1, and [C] = 0,>, what is * « D calculate K if 1 liter of the equihh- 

4. For the equn iriurn - f 4 and g 1.^ mo le of C,and h m ° ® _ 

5. If, in the preceding case, a ^°' S ™^ on of A is doubled and the 

mixture (at the aame tem p eTa ^. ^ j at is the concentration of D? 

concentrations of B "Z react to form 1 mole of water and 

6. Ethyl alcohol and acetic at 
1 mole of a compound known as an ester, i.e.. 

Alcohol acid ' 

(1 mole) (1 molt) 

If sj & : ■ , Uter Of the equilibrium mixture contains 0.7 n.ole 

If. at a given temperalmr. hi r ^ C(>MsUlI)l? . 

each of water and ester, what is ' ■ dide {roln hydrogen gas and md 

7. The formation of gaseous hydro# t ? TTT In an experiment 

occurs in accordance with th« r ,t P ,at "’" f ^.".h-mental iodine is present as a gas. 

24 g. of i,aline and 0.5 f M"*“ " . 'JJJ? ‘ „r i„dio. in a total 
If the aquilibr.. is ^ in the equilibria. 

. . -.ss 

{ «K * ».. ri;":;:;.< *■**■ 

at . certain tcaqaw.tura ,,.. 

i liter of the mixture contains u.o 



water + esler 
(1 mole) (1 mole) 
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CHAPTER 14 

IONIZATION 


t *v n with the study of solutions (« hap. H) some attention 

In connect . _ mannef n* w 1 1 i< 1 1 c ertain physical 

was devoted to the regulant..* m « >• ... „ f w ,| u „. s . It 

properties of pure solvents »" • «” 1 ^ ^.-d I.. end 

should be recalled, however, that tins s utty . 

salts and *as restrict i tes rather obviously suggest s that 

exclusion of certain typ irreeular or at least different in some 

their behaviormmst be„* „f com, 

respects. A limited S , it mov heroines ol mt' r< >i 

formation (Sec. 4.7) having een ^ correlated with 

to see whether the behavior of '' a "^ S J d " • n r- 

their classilicat.onintennsjd^ion^^^ additional mfor- 

■SiTSSS? the ability of substances to act as conductors - a, 
riers) of electricity. 

11 i frinrluctors of Electricity 

14.1. lowiucwtB w ciivpr and zinc 

It is a familiar fact “^“’t bringing about any 

change in the composition of *«e to use as a conductor, 

per wire are carefully examine ^ ^ genera b some nonnietals, 

Vetoes of,hef.nl class. The pa«*ge of , flo = v of electrons 

of this type may be " l d Although the chemist fre- 

quently makes use of conductors of llw tot c ^ more proper |v 

such conductors and ™ ndutt,on Pities and electrical engioeenn-'- 

made in connection with courses m which coasts. 

Of greater interest to the chenus , of the second class- 

of solutions and which are known^ as «e ^ are used as earners 
These are characterised1 by a b va ys occur. Further- 

of electricity, changes in chemi 
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more, the process by which solutions conduct electrical currents may 
not be likened to the “flow of electrons ” suggested above, and it there¬ 
fore becomes necessary to learn more about the state in which solutes 
< xist in solutions before the distinction can be clarified. 


14.2. Conduction by Solutions 

If one should prepare aqueous solutions (all 0.1 M) of a wide 
variety of compounds and test the ability of these solutions to act as 
conductors of electricity, it would be found possible to classify alt of 
these solutions roughly into three classes: (a) nonconducting solutions 
()) wea y conducting solutions, and (c) strongly conducting solutions 
Since the pure solvent (water) is only an exceedingly poor conductor 
and many pure solutes are nonconductors of electric currents If 
property of conducting electricity must be peculiar to the solutions. 

Since the following discussions are to be concerned with conducting 
solutions, those substances whose solutions are nonconductors need 
not be made the object of any extensive discussion. Those sub- 
stances whose solutions do not eonduet electricity are known 

ZaZ Tat iTt' w bStanCeS , ° f thiS type are ekher entirely 

sxj.r*** 1 —- - - j : 

Electrolytes. Those substances whose solutions are conduc 
d.8cuss.on, acetic acid is used as an examnfeTL . , 'T ed,ate 

rs--*■ “ * 

Rr f H n n Sh ° Uld measure the electrical conductivity of a I M soh.ti r 
HC,H 3 0 2 in water (U, the extent to which the soh tinn m ° f 

conducting electricity), the solution would be found to he of 

conductor, and the magnitude of the currentcarted bv f ^ 

could, by means of suitable electrical instrument u th 80 utlon 

amperes. Now if this same solution is diluted7,tn 7 Tf“f d “ 

ter conductor 7^7^01^,^ 7 ^ * be * 

together with 


190 


GENERAL CHEMISTRY 


Chap. 14 


shows that, with increasing dilution, the conductivity mat uee 1111,11 

not result in any appreciable increaae in conductsrty. The result, of 
thU e^eni Z be represent •«£-* by plotUng con¬ 
ductance against dilution as shown in Fig. 69a. „. 

\ similar experiment using the strong electrolyte Na a as tin 

solute would be found to lead to shnilur results. Of oorae, "" ■ 

diictivilv is lound to l>e dillerent from that of an acetic acid solution nl 

the same concentration, but the conductivity is found to increase will, 
incrensing dilution in much the same manner ns described above. u- 



FigJ69. 

dilution. pity 69 a. 

similarity is made evident by a u i r e e^lana- 

The results of themtwo SSC JultTSe condom and to 
lions to account lor he ^ with dj , u ,io„ until a maximum con- 

the fact l hat conductivity d u reases 

, |activity is realized. 

14.3. Theory of Arrhenius 70)> 

In the year 188T, the Swedish cb*®**^^fa^didedrolyl' 

List in solutions. This theory ho Us that ^ lhe „ sub- 

or a salt is dissolved ... a »*?f The abili. 

divides into smaller units wbicl. b . du ,., or c f electricity 

of a solution of an electrolyte to «*«» , icU , s . which Arrlieniu- 

attributed to the presence ^ '' unL of those ions to move through 

called ions (See. 4.8). and to the b ' « bos ^ 

.he solution. Also in terms ol the theory 
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If'lf po f tive or on o particular ion was believed to 

worth“v VaI rr ° u be Ht0m ° rradical in ™lved. Another note- 

M evod thlt re . the ° ry . " |S ° ^ b > fact that Arrhenius 

so utions and that the actual extent to which the molecule^ of the 
solute separate into ions is depend¬ 
ent upon concentration. 

According to the views of Ar¬ 
rhenius, the ionization of sodium 
chloride and acetic acid may be re¬ 
presented as follows: 

NaCl Na+ -f- Cl~ 

HC 2 H 3 0 2 - H+ + (C 2 H 3 0 2 )- 

Nmilarly, the ionization of other 

electrolytes would be represented b\ 
the equilibria, 

Zn(N0 3 ) 2 Zn++ -f 2(]\ T 0 3 )- 
CuS0 4 ^ Cu++ + (S0 4 )= 

BiCI 3 Bi+++ -(- 3Q- 

NH 4 OH ^ (NH 4 )+ -f (OH) 

Fe 2 (S0 4 ) 3 — 2Fe+ + + 

In the light of the theory of 

Arrhenius, it becomes possible to 
explain why the conductivity of a 
solution of an elertmlvt • 

... x . dn eiectr olyte increases 
with dilution and reanhec o ™ • 

acid, for example, the ionization in bTealiSw diM^ ° f ^ 
a concentrated solution would be Accordi "«ly. 

would be relatively few ions pres7 ,7*? “ mo| eeules and there 
is made progressively more dilute & S< i utlon * As this solution 
solution would become richer in i^s^ndT eCU ' eS 7““ ionize - ** 

rules is, under these conditio! rtdemdT l ° ‘°T mole. 

act that in the dilute solution the ions are 7 probable to the 

distances. Finally, if the solu77i ZTT* ~ 

1 6 ex tremely (infinitely ) 


+ 



) 



<0 - Svante Arrhenius (1859- 

S mi h m °l The Ed ° ar F( *S 

pZy, Che ? n '* tr y, The University „f 

Pennsylvania.) * ^ 
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.. . i ■ «- —u _ ...I., i.x - tin *-ih»ti«*> 't*«dd 

liliM*-. au in' •, iiirii^r dihilawi www 

■ > I ,4 ii»i mu \ iii it I ill i tivilN. UH 

11i**n exhibit 1 . I i« m1< ri*r* tatan *• 

. r iluTIMSf Hi roiniiH tlX ll> . 1 ,,B * ' . , 

. «iili the experimental iwilt* «> “ T"* 

°"T >i* t,u \lth..ugh 1 »h tl*-rs *-t \n!**W»b» «' 

graphu;iUy , |ioU it is .lilt useful in ei pUtiua* 

,n,,dilied extrnsi\' 3 _ „ij»u»rits «*f the covalent ooeipouiid* that 

Im Ii.in i<>r ..I the pr-'' n.ajornv ■« »"«■ 

bclmvf as iM'ak «•!«*« 11 «*1 x I %. . . theory hat hwn shown 

1„ recent l.n.. s !»■«•«•' , , r „ hl ., ,„„i, mp.—!-> mi ■ 

l»- mmiI'-'I"- 11 ' l ,r ■' . T . j >i the ih«<r> <S M« 

l 1 * n il\trs ,»iv ‘ 4 *IM ’* • * * i» *i It Jirailfi ip 

w*‘ :, k ele< lr«il>t *»n ^.dium . hbmde. I* '**"** ** 

uih ma> ix 1 . . i,i„ri<l. im* are fanned wheaw ~ 

recall, .1 tint sodium tons an _ofloasand gainof 

oompountl ' I''”"' 1 '' " b> “•' 

elrrtrons. 


N . • 4 - Cl - • N ' ( 1 



• a* .. \rt*( i*" ( rx istid 

H jS f I i •• P I l v the examination 01 > - 4 1 

This fart has born confirm* • „ ^ ^ s j, 4 , wn that, in the ‘*7^ 

l,> means “f \ r ' ,,,h * « aurr •uud-d hy xo 

earh is.n occupies a hxed !*>* * _ ^ • rn HJt iiiun ion c»no»H 

of opposite charge, C**'*^'*’’ 1 ’ parfuular < hloride >'*». 

to tbe ^ S Limn i htorid- <*>** **- 



;4■» >Uch 


ifw wn as an electrically neutral body 
- — 1^°° tive^on- nd not involviag the uU *m* 

consisting oi p*sitixr and n- tbecry rfa|asa whole 

Of aoUK.1 uni, , 


in 


«ts lit * 11 '■* u - 1 

av be thought of a> a ' giafit 

• 1 jm*. '■ I ml 




I 11 1VHW - , 

Vrrhenius hold' that ions 


ed 


onnaoou - ,iu*J V ed in a wnawc .. 

™>'> " l ' . n ,l " "'?\™f<» "w bfhoATQ C » *”** ** 

explanation nnist^br oU 

nidi as 


ft 



















,.4. Theory of l>»by«- an.l HUrkel 






,on. «Wlt"a'stJu'k ' 1 * ould ^ 

ht anticii^^ e w<3^ 

od^tmty »od th.4 .ucoodoc 

1*1 c*, Thi' sorb is no- ^ I 

„o, be \ plausible eiplaD«ti» • { ‘ j jt 

t '.he thee^ of Debye »d H«*A 
, r t was piovideo by i« 





4 * 
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mo,, elementary topects. tii. theory hold, that, in a concentrated 
H.lut'„n . J f«rtroogel,. | r., | > l". the condition of end, inn is nun h like 

each positive 


j . , < r> !>!„,. 1Hill , s< eacn positive ion is snr- 

.•*«; ” <* »(*J *L , ena) » 

““"raced by ly charged ions no,in,, to electro 

*?'; ; !""" d is —W fa It. .notion through ,1m 

"• ,l " s » n '""in. to Miring that. .. . is 

fJu'i" '“‘'i!'". "," .. . ttee ions are not 

- Jat . *won» net au.st oi the hindering attraction 

linn (a eflV.tiv., ' , - Me<pJenll\. the apparent concentra- 

1L ,1 , " T / uf tons i.different Iron, the actual 

I at .Inch the solute is present in the solution Thus 

indi, hhlal in, rIo!"t M '" as 

not eoinuletel, ,li "• "!'r " """I' 1 ' 1 ' 1 .' milized. but the ions are 

houl.l a I , lr< "" '"Hm M, e of one another. One 

fr«rfitn U-I.il <i ' >*'« mat some ions are comp ete y free 

11 1 '\-- »l«il. t.tl„ rs are comiileteK in „ iiv« \i • 

ii>n -lit.liltI Jh t litnj"||| ,,| (s vhihilin* . ° F< P r °P«*rly, eaeh 

the e/leetne , onee, Nation < ,f j„ lls j., „ .. ' 

, * , r jni the foiieeiitration of the eorresii-Hiflimr i 

- solutions, it i> ____ ftm , orn sp aiding solutes 

. a,rati.,,, b, ., eorreetio, f , IT, '« ""I I tip), the 

■ l:i Ti' n I,.a torcallisl theucbn/vroeff,Went [ (see 

different ele, in,K ft. MH^tiiedeter.mn ti ' ' ""' n,< " Mls <«T 

vtilli chance in both i „ , m j b> ;in«J they vary 

'«r..r^etec l re| > t. v the term ; „ t,\i, v ,i. . " ,n * As a Pphed lo 

■ ot«miration. . • " hire amounts to a Corrected 

In terms of the int.rioni. attraction theorv ,.f n k . .... 
the < i>ndu< ti\it \ of solutinna rf i * l^cbje and Iliickd, 

Tfa na-otr«t«d solution u, „,,i , .' i ,"'»>•»• iiiidersi.« H l. 

I. elo*. together that the, are un’Il ' W ““* Hie inns 

Moo; U. they are «L Uy tbrough 

oppositek . ti urged Inns, However » til. 1|* ’ U " f m »vimity 

19 ii inen wm ZS ZTJ , ° Ugh f': ater di *hMiee 8 , tl.eir 

«vd activity; hence the coodactiJit 1 Cr ider degree of 

folution “ m "'l' -ufli, iently QnfiSL ) Fi,,,ill> ’ if "" 

, iey ar, ‘ n ‘ lat «ve^ unaffected by the ******* 

«*ddhi| anetilially loo n»-r c ut r , r ,< " 1 ' ;,, 'd are able to 

conr^ the anhition exhibits tJke ^ ,l|, se ^"ditiona, of 

«>»ductivity possible in 



an 

<i 






n 
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.. ,i i ii. 0 iliporv cl Dcbyp and llutkil pro\i<l*w «i 

< »i. i ln> wsimmt ion I ImM If 1 ii* "i > 1 • , « 

{ait K am, rate pieture of the end,Hon n, »«»»>« 

,aisl in solution, the imii/.aiion echeme 


TSaCl s 


Xa + + Cl 


,,^-,1 by Arrl,coins ..*«•»"......* 

is entirely inappropriate. In the bet aadyrie. ttate 

A Comparison ol tin 1 \ rr heliiiis and Unit nl 

is no great diH forme , (l) emphaui** the formation of *» 

from un-ionized molecules n ll.es n ( , mr ,. ntratioB , ^ ’’) 

with the number of nms P™< > • ■" ^ clectrohtea. On the 

is useful in explaining the behft* both tin- 

other hand, the intenomc-a , ‘ iscfflMWned largely with the 

number of and the charge on 1 11 ; ^ ( . ( , nC entrati.m, and .3) 

activity ol the ions pres* n a I electrolyte* and ah*. 

is useful in interpreting the belli ^ electrolyte »l • 

those covalent compounds " uc 1 * Finally, it should be 

they arc dissolved in so\tirs sn«^ t j orv applicable al-* to 

F oi,,ted ^ **ionized in elution, 
that portion of a weak eieciroiy i 

14.5. Influence of Electrolytes upon the Physical Property 

Pure Solvents ^ that ^ vapor pressur*. 

It has already been pointed out {<&*-_} ^ & *****, m h 

boiling temperature, and freezing P' ‘ presence of nonclec- 

as \v at cr, arc changed in a ^ufarf^onbythe^ ™ 

trolytcs such as sugar an „ V tbat the effects prod*** 

produce effects that are -rregu'ar in _ , i m solution • 

are in the same direction but and not a t 

sodium chloride actually freezts ' f iar The regular lo"" 11 * 

of the freezing temperature to the . ^ to , he presence <* 

solutions of nr.. ar ln the case "f 

6.02 X 1» !S molecules (particles) of the so but «th«*» 

chloride, houevcr. the solute is PJ” «m»ntrati«n * 

ions which are active to only a ", d d gr co „, pie tely active' 

high as 1 m. in l-c ' V ; . i " .ltd be * X ">."2 * » 

a lm solution, tin nuiiiDc 1 _3 72° (- X E 80 J- 1 * 

and the freezing 'r^‘^1.72- may be' taken as to*— 
that the lowering i*> 3.30 ai 
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" r "" . .. ® . . . • 1 * ■*•*» 


Sinnl.-,i-, xnwive. fr.’,1» 1 m. pr .«lu,«dfc, el.x imlx leBup.... tl.eh.ili,. 

I * .. !*,""|' S S " K "'"'- mMl "" . re,n,„n. For . , „ 

lie II u.,is in,,.522°a.,dm.t |„0 -,ir • , , i,k 

f , 4,1 tl,r t'-mp. ...Inn U lilt If L r n filer ||, „ 

ionized I,, for... ]|. ' 02 X ." . 

e , • i - 1 * tins pruviiiifiM' ,i fof.tl /mmlwr 

of piirli< It s ^rralrr than f>.02 X 10"*. 

1 IIM | lOfl <>j | f|(’ I....' . • r |' i 

a XVVlkvirrtrnkH tl fin* <* \! < I touhirl, 

, kn<mn concentration affect* the boilii,- i. 

. ... \ ‘ «»l .1 pin. solve,,1 , n . (V | M . |4M 1 

etectroMe llr To .r-i •, F ; ,r r x, . ,,,,,,l “- tU “ 1 m ’‘"htion <•! lh. weak 

greater th m the N ' V 7 . " ^ ^'"P^alme of i^->. or <UM> 7 * 

Tinn f \ *“!.• vatu,a produced b, an equivalent concentra- 

(expressed in per cent) is - of ion,/alion 

0.007 

g X 100 * 1.3 |mt rent 
I Ins in turn means that I 3 n .. r ..f h 

eules nf HP II t \ • • i * »*t ol the original n.Oj . |u 

cul< s ol IK-ol I3O0 ionized to form II' and 1 11 3 , 

V- # X I • 



11.6. Weak Merlrol\t 

■ 


In connect,on with much of the subject matter that i , f .1 
J* necessary for the student to acquire inform Hi „ ! ’ li 

common acids. bases. and salts which behave .,/w ak ‘ Ti 'T* ' 

listed in Table 16. For those L id! wl '» *“ *, U " " ttrp 

replaceable hydrogen, it is ()1 • ‘ 1 

which such acids ionize. The ionization 'V '"" 5 in 

acid occurs in two stages or “steps,” thus/ 



)l C( i 

m - 


1 11 4 + (FIFO ) 


(I 


to form first a hydrogen ion and a i 1v ,i r M l 

which then p,,r(i, i„;„,. s i„ ' l " v ' " «’«rh..„,>»<• i„„. ,, 

part..iputxs u, the .. ionila , M . . .^ 

J (... I jh ^ ^ i \ | vH + ~j~ (!( 

S "" n,,rls '’ . .. o,' H.P 0 . j, „ „, r , v 


( 2 ) 


s * a gc process involving 
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thr equilibria, 


11 ,|>< > 4 ± 1C + (H*P0 4 ) 


1 


(H s PO«) 

(HPO*) 


U+ + (HPO«>* 


\' ¥ + 



» . ) 




. . t iiilv stmin: fit■< 1 r<*1 nI 

__ - l tu„t ; rk ,,;-/.> in tins manner are i.uiin 

Many acids that ■ . . . .• _ v.,|t the see«>ndar\ 

"l"l respect ..II" MOW ( . hur „,,,ri a ti0 rf weak electrolytes. 

and nn> subsc.|Utn . P- *«n ..annul o.-.-nr extensively ■» 

Thus in the above case, (lies.-... ml s I • mnihibl. 

i, is limited by the extent to which ,ll,PO,) 

TABLE 16 

C «, Writ Fl Ft I itOLYTES (Acl»s) IN 0.1 N' ltMtl 

_ „ t ,„ I7 »tiont of Some \Nevk i ■ ' ■ 

Degree of Ionization w ^ _ ^ o-+r 

Solutions at -•> ^___■—-— 



Ionization process 


Dt'lTPMr* (if 

ionization 

% 


i 


****** 


HC«H*0» 


, * * * * 




. * * * * * 


• * * 


« * * 
• • ♦ * 


• * 


* * 


* - - * * 


- H+ + C s HjO; 

H + + CN - 

HjS ^ H+ 

HS- ^ H + + S- 

H;CO s ^H HCO ; 

11+ 4 El )j 

11 + + Hsor 

h + + s* »r 

H+ + H 5 P<>4 

±u* + HPO; 

; H+ + POT 


Acetic 

Hydrocyanic. 

Hydrosulfuric. 

Hydrosulfide ion. 

Carbonic...; * * 

Hydrogen carbonat >. ’ 

Sulf urous.* * * # . 

Hydrogen sulfite ion. 

Phosphoric.. 

Dihydrogen phosphate ion .. 

Hydrogen phosphate ion... _ 

, ,, P T~- i ons undergo further ioniad"" 

^£ y ,:JZ <». 'he third stage can be realued .0 only an • v • - 

The only common 

lyte is ammonium hydioxi . 


HCO 7 
H,S« >» 
HSO 7 
HPO, 

HePO; 

HP07 


1.3 

0.(M>2 

0.0T 
0 0:12 
0 . IT 

0.01 

31.0 
0.1 
27.0 

O.lt 

(I 000J 



gaseous ammonia and Mater, 


and \n 



ionizes 


NH 3 + B*0 ^ NH 4 OH 


according to the e 


ML OH 




~Y N- 



In 0.1 A solution at 25”, NH.OH is i 


ionized to 


the extent of onl> 



cent. 
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■ ut r 8 iT tUv " g ,here «* 

| vUs The r» t £1 “™ ""' r ' "'' ; ' rly '>f*** 1 " f "oak el,',-(TO- 

I h— rather eicepuon*, listed in T; , b| ,. , - 

TABLK 17 

V ' } % * El-fUTROl^T^ |S\ITS) 

!Namc r , 

r . . formula 

.» . . WmC-I[o.) s 

rern«* thio< >awat 

Memtnc thiooanai^ l{ , 

»l«reunc chlonde. . 

Afemiri. c>aiude . IlwCN 

'-‘Mlmiuin chloride 

(~fk<jiftiuitn brtifitide r'jci 

5 ’ Wpilijniin !• kJmJ** /■'if 

• ' .Q J » 








L£h u^Vz :"' is ^ ««•« 

■ "tuJitieitK. \n id,-,, ;is tli,. " y , ^ 1 * ex **‘ nl under or,lin,,,-, 

> lr eil.,-,1 In,II f H , | " ll " lh, ' r " 1 ""e ill |iure water 

OH) iu pure »i„er i, , X 10 'v',,"' 7"7' ra '7 " f ll+ <«-< »K.. 

* (*•*-. one toBhimlbonlh normal ). 

< t.7. Strong Kleclrol\|«* s 

h “’ «>* V tmSZml '" s "•«<• 

'xmdmd u rtroi« elerm.lM,. v , is j " lfr s ' ' """ ««• •«>!«• 

‘k-apanl k w iH„. r „„, iw| ' . later iSt. 1 l.8l, this 

ha*j> « ( f t-omciii a,. lor J'tJ'tifiitMo except an (}„. 

Ills Hot practical ht r.- t.iijei.,, . . \i ; 

ilo^tr. brief list ^jB*nU‘r of strong ele< i ro |yteg. 

Old a ... r »illi the aeliviu 

«fc. in,..K,:; ' iM "" "" l>asis „r 

£l»ti «hip bit«I'itf^UWt^aiS^thl'S**><«U«definite 

end HttckeL I, .. . 'Iu- tfaec^ , )f 

*»« UI,„. .dpnsiti,.. d.anie should l.„l,'re!'," "" i<M1 ^ng 

,d . m hindmntt ti,„ 


t 



h t‘ 



*<>*«* . f„ r £ « greater W <>f _ 

* genendizafi.,,, t ., .top. a / ** f,K ‘ refore a ^J>lv 

I inerttue ** ^magnUu^n^T > nlr “ iion *> 0, 


rit y 
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TABLE 18 

. c ., r Typical. Strong Electrolytes in 0.1 Molal 
Activity Coefficients of Some Epical .t 
^TT HI Solutions at -•> 



Activity 1 

Electrolyte <- 

^efficient 


/ 

Acids: 


H + Br- 

0.8021 

H + Cl- i 

0.796V 

H+(NO»)- | 

0.790 ) 

IL f (SO *)“ 1 

0.313 

Bases: 

v 

K+(OH)- 

°-I 

Na + (OH)- 1 

0.765 J 

Ii + (OH) _ , 

0.742J 

Ba ++ (OH)T 1 

* * • * * 

Salts: 

a — A i V 

Li + Br“ 

0 .794 \ 

Na + I~ 

0.788 | 

Na + Cl- 

0.778/ 

L + Br- 

0.765> 

K + C1- 

1 0.764^ 

1y + (N0 3 )" 

0.7321 

Ag + ( NO*)" 

0.(23 J 

Ca ++ C.l7 

0.528V 

Ba ++ ClJ 

0 .495 1 

Nat(SOt)" 

1 0. Ul o 

K+CSCb)" 

0.120 J 

Mg ++ (SUtC” 

0 1661 

Cd ++ (SC)4) _ 

0.100? 

Cu ++ (S0 4 )" 

0 158) 


Chi^sificatinii 


Uni-univalent 

Uni-bivalent 


Uni-univalent 

Bi-uni \ alenl 


Uni-univalent 


Bi-univalent and 
uni-bivalent 


Bi-bivalent 


L4.8. Intermediate Types thal the 

It is essential at this juncture ^ r " ad classes should not 

rt ‘ SerVa ' , 7„ mi Ilntli covalent and that strong 
hat weak electrolytes are P rt exceptions) predominan 

electrolytes are (with between cov^ 

ionic. But, just as there are must be a correspond."^ 

and ionic compounds (her. ■ ’ interI „ediate between ,he ' 

wS Zd .he very 

. ..ions, there is some cous.dtrable m 
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ing the extreme pi s <>1 bohavi<u in (he beginning course and deferring 

t0 1 j 6 a< ^ van ced courses the study of the generally more compli¬ 
cated behavior of intermediate types. 

14.9. Acid Salts 

Since the ionization of acids containing two or more replaceable 

hydrogen ions occurs m stages or steps (Sec. 14.6) and since the extent 

of each stage of ionization is greater than that of any subsequent step, 

the neutralization of such acids should also be expected to occur in a 

stepnise fashion. (,. .nsider, for example, the first step in the ionization 
ol sullurous acid, 

H 2 S 0 3 ^ H+ + (HS 0 3 )~ 

Ow in^ to the fact that this stage of ionization is so much more exten¬ 
sive than the subsequent ionization of the hydrogen sulfite ion, 

(HSO3)- ^±H++ (S 0 3 )= 

it might be anticipated that the neutralization of sulfurous acid by a 
base such as sodium hydroxide would occur as follows: 

H 2 SO 3 + Na+(OH)- -> H 2 0 + Na + (HS 0 3 )~ 

msri lr °" S i. ele f tr0lyte Na+ ( HS0 »)- however, consists of an anion 
ionization.'’ * electrol y te hut which is capable of further 

(HSO3)- ^ H+ + (SO3)" 

Consequently a further reaction with a base is possible, tin, . 

Na+(HS0 3 )- 4 - Na+(OH)- TT - ■ ~ ~ - 


H 2 Q + NatfSOA- MM ff 

The neutralization 0 J acids containing two or more r *>rti ki 
hydrogen atoms does occur in this stepwise fashion, and in the kW* 
tonr, one may neutralize such an acid either completely or tnw' 

neutralization of ar S .n,V 1 _ , ™ pl ° yed - The stepwise 


H 3 As0 4 + K+(OH) 
K + (H 2 As0 4 )- + K + (OH) 
K^"(HAs0 4 ) == + K+(OH) 


further example 
H 2 0 + Iv+(1I 2 As0 4 ) 
H 2 0 + K+(HAs0 4 )= 
H 2 O + KJ(As0 4 ) s 


t/* ^ 1 av 3 

t a base containing more than one (OH)- is used a c ,\ -i , . 

obtained. v 18 usect > a similar result is 

2HjC 0 3 + Ba++(OH)r 4 2H,0 + Ba+nHCO,,r 
Ba++(HCO,) s + Ba++(OH)r - 2H,0 + 2Ba-^(CO,)- 
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The preceding examples 

pounds Na+(HSO,)-. „ hydrog en and at 

Like acids, all these oompoui P ^ from reac t i „ns ol 

the same time appear to be ^ ^ kuown as ar ii salts. 

neutralization. Compounds of tl W^ ot »hich are illus- 

These acid salts are named in d.ffe rent ays, 
trated in Table 19. TABLE 19 


Nomenclature of A cm Salts 


Formula 


Preferred name 


Alternative name 


Na + (HS(>3) 

K+CHaAsOd" 
K+(HAsOt)" 

R a ++ (HC03) 

Na + (l iCOs)' 


, fif - i Sodium acid sulfite 

Sodium hydrogen sullite | potassium arsenate 

Potassium dihydrogen arsena Second ary potassium arsenate 

DipoWme hydrogenarsenatel Second ryP 

Banum hydrogen car * Sodium acid carbonate 

Sodium hydrogen carbonate |» - 


Sa^CH CO3)- - ZJ*** ^ r. « «***“*> 

_ _ _—- , • “ 80 diuni bicarbonate. 

“.r *-* “ d “J s . e mlls would ^ 

By analogy to acid salts the ex ^ , *“ u ^ Us ot this type are indeed 
appear as a logical P^d'ty. ^ forma tion and proper- 

well known, but a coM>id« _ Salts such as Nat (SO 3 ) , K 3 (As V> < 

ties is deferred to a later section, ^ ' obtained by complete 

and Ba-nCO,r, which report the prod^ ^ 

neutralization, are caUe ^ "°T“ omen clature previously discussed, 
accordance with the rules ol ..omen 


14 . 10 . Amphoteric Bases Hydroxides may act 

I„ Sec. 12.5 it was cLmcteristic behavior 

either as bases or as oc, f , * hibl ,' a tow degree of ionization, ■•£ 
depends upon the fact J ha , * weak bases. Accordingly. A* 

..at the—o,.^ hese^ ^ ^ weak acld s (Sets. 

a „ ; ogous to that sw , (s 

l t.6 and 11- »■ hydroxide acts as a base, tn 

If for example, ^mc 

ionization process Zn(0H)j - (ZaOHP + OH' 

■ • • „hieh upon reaction with the Mg 

gives rise to a posit'-' >' * " ' 

,(arid such as hydrochloric, 


< 


(ZnOll) 


s hYdrOCIU«r^» rr\U \C\ 

' 0 _l_ 11 + + Or H»0 + Zn(0H)U 

+ .4- ort - + 11 1- '-' l 
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. ,i i unm w water molecules asso- 

vet Possible to determine the exact number ot waw mo 

1 ®P*'‘ ^'''^^ " ° f a8 

ions are those shown enclosed in brackets below. 

A g + + 2NH 3 ->[Ag(NH 3 ) 2 l + 

Co +++ + 6NH 8 -* [Co(NH,)d +++ 

CN~ + AgCN —> [Ag (CN) 2 I' 

2C1" + CdClo -> [CdCld” 

.. 4 v a nia u them useful in accomplish- 
IonSot such applications are encountered 

^laboratory work in qualitative chemical analysts. 

general exer<:isi-> 

<i fnllowinff' (a) conductors of the first class 
1. Distinguish clearly bet *“" fJJectrobtes and nonelectrolytcs, (c) strong 
and conductors of the second class, W * * («) acid salts and normal 

electrolytes and weak electrolytes, M atoms an .... 

salts. , , . -si v t ps strong electrolytes, and inter me iate 

2 In what way are weak electrolytes, strong 

typ es related to their -dcof formal ^ rf the theory of Arrhenius and 

3 What facts contributed to tne p 

gave rise to the theory of Debye j^henios and of Debye and 

4. Give a brief comparison of the theories 

Hiickel. , folloW i ng acid salts: Na+(SH)", U + (HSOd) • 

5 . Write systematic names for the iollown g 

Ca ++ (H 2 P0 4 )7, KffHPOa) • , f cid sa its that might be (e) 

6 h VZ'lmZZZ S&H. (*) » hn0! ' w "• 

H^ZrO,. (/) Hf8e. <») HksO, W H Jg.> m (eq „ nibria , showing tha 

_ wVis»p<» aiirdi ionization is possmi 

stepwise ionization of each of the , n ,,Wales in a 1 m sobl jj 0 " ^ 

8 If only about 1 per cent of >< M _ ^ (h;d of the NHiOH--not 

base are^oruzed, snllicient liydr 

10. Would it he proper 0.1,^ .phntaric hydroades and 

n. What analogy «»“ b0 v( , n 

elements? . . _ certain strong electrolyte a b 

12. If I.. c-nmu-nt f- -^ „ ..vnluo dmugu 

tration and temperature 19 ' ’ ’ , 1 Imier what conditious do 

PHOBLEMS 


See problems at end of <’hap- ir> - 
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CHAPTER 15 
ION EQUILIBRIA 

On the basis of a <* <j- 

1,1,1 ieacti °" S and .’.t Vi.V.’r*. ^ «.t i..ni/.<n-.. <h.,p. 14), 

information acquiree m _ , . , t tactions of km* i» soluUan. 

Hi.' loturetion w« >h • , nit .,i «iih equilibria mvol>- 

of i<T‘ equilibriaM I ***** '"'MK.rlant m r. la- 

^ 10,18 'auLions to problems in anal>li«I *b-mistr>. bot . 

lion to their apptu at ions lu e 

qualitati'e and quantitatrve 


. imiWfltion of Weak Electrolytes 

’ . f • «eak electrolyte is represented as 

The ioni/atioii ot a solu u,n ° ' t j ^>ltit** and itsifl®*. 

’’l"; 1 ^ k u,»-. Ml,' .B: 

Uoorf*.**-' 1 ' ;uu1 '- 

HCsHaOj ^ H+ + (CiHjOjr 

jl; M1 4 0H^(MU + + (° H )" 

f m m«nium hvdroxide. the concer.lrati-M O 

1„ a 0.1 M intern o \ ^ ^ at tfab*. ****»'" 

ammonium and h> rors ioniaed (Sec- 14.6). Because these \**> 

«■ -* *■ ^ 

— 'ir 1 _ 4 t /x O FP 


-ms - . 

present in a 0.1 M «»» » r " 

[Ml;] - IOH-) - 




O.oolJ M 


pntial 



rhus. «hile 'l'<‘ solution is O J^ V P (,„(|1J SI »ith n 

SH.0H content of the solutton ionuation. Th. 

riu!;, extant for this reac tion B givn b> the 

INHj][XjyHJ * Ki 

[NIUOH) _ 

e •• whirh i* nothin, more 

».«*a-. B> -*■ 
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Sec. 1 5.1 


gt ituting t Jit* actual numerical values for the three concent rat ion terms, 


0.0013 X 0.0013 

0.1 - 0.0013 


= hi 


an<! solving, the numerical value for tin* ionization constant is obtained; 


K t = 




*1 V ‘1 


- 


0.0087 


= 0.00001 71 
= 1.71 X 10- 5 

As is true of any equilibrium constant, the numerical value of Ki 
changes with change in temperature, but not with change in the con- 
<t ntration of any ol the components. In the above case, the concen¬ 
tration of un-ionized molecules of ammonium hydroxide is so large in 
comparison wilh the concentration of its ions that, for most purposes, 
the term [NH4OH] may be considered to be constant. By incorpor¬ 
ating this term in the constant and considering only the concentration 
of t he ammonium and Iwdroxyl ions, one obtains 

A'. = [Nllf] x [OH i 



I Hgl i|i . =0.0013X0. 

= 1.69 x 10 -« 

This constant is more properly referred to as the ion product constant. 
The particular numerical value given above is that for a 0.1 M solution 
of NH4OH, and different values would be found for different concen¬ 
trations and, of course, for different temperatures. For such cases, 
where the concentration of the molecular species is quite variable the 
ion product constant must Ik* calculated for each concentration. 

Similar calculations may be made for any weak electrolyte Sun 
pose for example, that one were interested in using a so.uti™ of sZe 
weak acid HA (where 1 is any appropriate negative ion), in which the 
o a a. k c once ntration is 1.0 M and the concent ration of hydrogen 
»<>Hs,si X 10 Af. One might need to know the value for the ioniza- 

tion constant and to know w hat percentage of the acid is ionized; these 
calculations may be made as follows: ’ 


H.4 ^ H- + | 


A 


fH+j x f.4-] 

Ti hi] ~ 


For the reason that the ionization of one HA molecule prod 


*es one 
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H + and one A , 


[H + ] = [A~] - 1 X 10 6 M 



ini tially 


Subtraction of the fraction of H A ionized from the 
provided gives the concentration present at equi i run 

1.0M-1X 10- 5 M = [HA] 

but it is evident by inspection that tl'on- 

le ? ,h [Hdl - l^°A/ 10 a mi P ^W simpUfy the calculation, without 
blueing any really significant error. Accordrng.y, 


Ki 


(i x io -5 ) x (i x !2 

1.0 

= 1 X 10- 10 


c +1 * f i which is ionized, one need onl\ 
To find the percentage of t h total acid concentration 

divide the concentratron of ionised acrd D> 
and multiply the resulting quotient by 100, thus, 

, 1X10L 5 x100 

Per cent ionized - — 


1.0 


= 1 X 10 


—3 


0 . 001 % 


15.2. Common Ion Effect hydr oride solution 

Again with reference to a 0. , adding a soluble salt 

which is 1.3 per cent of ammonium ions is 

increased from 0.0013 to 1.0013 ^ ^ incK ased tin, 

Irovyl ions collide with solution. This results m 

in the original 0.1 ^eeules of NH.OH, U. «he 

the formation of more un iu 
lwFr2WBRT\. • nmi librium 


^ reaction in the equilibrium 

,-w T T _h, 1 


NH 4 OH NHf + OH 

s favored by the increase in i tT~d^ 

Since the concentration of • > ™ m ion j za tion constant must remm£ 
because the numerica value of .hr^ hydroxyl ions mnst 

the same, , et m equal that part-* 1 ** * equilibrium. 

decrease. o a , i le establishment of the .ie 1 

Oil- (or Nil.) consumed m the esv 
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The actual concentrations of ammonium and hydroxyl ions remaining 
are (1.0013 — m) and (0.0013 — m), respectively; hence, 


(1.0013 - m) X (0.0013 - m) = 1.69 X H)" 6 

m = 1.2987 X 10“ 3 
= 0.0012987 M 


From this it is seen that the concentration of ammonium ions is 
decreased from 1.0013 1/ to 1.0013 - 0.0012987 = 1.0000013 M, 
or to a value not much less than 1.0013 M. On the other hand, 
the c oncentration of hydroxyl ions is decre ased from 0.0013 M to 

0.OU13 — 0.001298. = 0.0000013 M, a x alue only one one-thousandth 
i|v vp at ih that for the concentration, of hydroxyl ions in the 0.1 Af 
ainm< i mum hydroxide solution lx*lore addition oft he ammonium nitrate. 

7 his GW is typical of a sit nation which is common to all solutions of 
weak electrolytes and which is usually referred to as the common ion 
effect. If to a solution of a weak electrolyte one adds a strong elec¬ 
trolyte which furnishes an ion in common with one of the products of 
the- ionization of the weak electrolyte, a new equilibrium mixture con¬ 
taining more un-ionized molecules of the weak electrolyte results. 
The concentration of the noncommon ion is decreased to an extent 
that independent only upon the quantity of the common ion introduced. 

A little relic tion, and if necessary a few simple calculations, leads 
to the conclusion that the ammonium hydroxide-ammonium nitrate 
solution considered above is one that would be relatively insensitive to 
<*•»*- in hydroxyl-ion concentraiion. One might, for example 
attempt to increase {OH~J by adding more NII 4 OH. Owing to the 
high concentration of ammonium ions from the ammonium nitrate, 
however, the net effeet of this change would be very small. The added 
OH- Would largely react with the NH+ already present at high con- 
ntrut ion to form more un-ionized NH 4 OH molecules. Any such 
solution which contains a week base or acid in the presence of a salt of 
a weak base or and is c.dled a buffer solution, and the salt is called a 

T I,articu,ar ,, nns «*** because of the manner in 
/ , 1 . ** \ actsas a buffer i '- illMsl marked changes in liydrogen-ion 

\ < “°^'ion) concent ration upon further addition of limited quan- 

■ ‘ l ,th ; r ar,d or A further illustration of buffer solutions 

(■> given m the next section. 

Application, „f,he Common Ion Effec t. Il is common practice 

the ' _ " . f '"*' : ' oinmoii km effect in exercising control over 

"trations of ions in solutions. Suppose that for some par- 
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■ l .i i .. iico o 1 M acetic acid but lound that tht 
frir'ni'ir mirnose one wisneu use p .l. 4 

concentration of hydrogen ions in i this solution «U» *• 

purpose at hand. Since acetic acid ionizes as foll( >* s, 

HC 2 H 3 O 2 ^ H + + (C 2 H 3 0 2 )- 

j n 1 „f *u p ctrona electrolyte sodium acetate (a salt of a 

acid) would serve to ■ . containing more un-iomzed 

would lead to a new equilibrium nnxtu - |io f hydrogen 

molecules of HCdd.O., thus decreasing the concent ratio 

*“£• , . geetic acid solution is about 1.3 per cent ionized at the 

* « miestion the concentration ot n\uro p << 

temperature in cjuesuoi, 

i ^ v l(r 3 M, i.e,, . 

A [li+l = 0.1 X 0.013 

= 1.3 X 10 - 3 

4 ,.i for arctic acid (calculated as i 
The ionization constant lor acetic aciu v 

is 1.8 X 10- 6 : [H+] XJC 2 H 3 OF] = 





1.8 X lO- 5 



+ luiw crrp-it [ 11 + 1 would be if solid 
3„e may now raise the were added in a quantity such 

sodium acetate (a strong etc r y with respect to 

that the 0.1 M acetic expression 

NaCiH.0,. By solving the equilihi.u. 


(H+l = 


(1.8 X 10 -5 ) X [HCaHaPa] 

■BUgi^cIi tjO 2 


issuming that 
ititul ing the a 




sodium acetate is 

0 concentration v 


completely ionized, and 



Mil (1.8 X 1 0~ 5 ) X°-l 
[H + ] =- 0.2 


1 solving, one finds that 


9 x Id" 6 M 





H I BH ill M rH + l - 9 X iW 

■c a mmntitv of sodium acetate lo\>* r> 
s , the addition of the T ^ B011 ion effect . Imm 

hydrogen-ion co,lc '" otr ‘* ‘™'| () 0 qo009 M. Sodium acetate is 

>13 M to the much lower valu • Consequenth , 

of a weak acid and therefore arta “ ■ » NaC! H.'»i "‘ ,uW 

m that u ,S ,. m. he »me hydrogen-ion concenlratio. 

ain substanlm l> the ^ ^■ ■■ „.w-v 

ft ,ore acid were added. 
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If, in the foregoing case, some particular hydrogen-ion concentration 
had been desired, calculations similar to those illustrated could be made 
to determine the weight of sodium acetate required to lower the con¬ 
centration of hydrogen ions to any desired value. 

In the systematic procedures of chemical analysis, advantage is 
often taken of the common ion effect in preventing the undesirable 

precipitation of certain ions from their solutions. This situa¬ 
tion may be illustrated by the ease of magnesium ions. If, to a solu¬ 
tion of magnesium nitrate, or any other soluble magnesium salt, one 
adds ammonium hydroxide solution, the concentration of hydroxyl 

ions supplied by the ionization of NH4OH is sufficient to permit the 
occurrence of the reaction, 

Ah (N(m: - 1 - 2 NH 4 OH Mg(GH) t + 2NHtNO~ 

——^—-- . 4 3 

A White precipitate of insoluble magnesium hydroxide 1 appears but 
under these conditions only a part of the magnesium ions in the ’solu¬ 
tion are converted to insoluble magnesium hydroxide. The precipita- 
rtaction initially proceeds rapidly but becomes progressively 
d..«,T until finally equilibrium is established before the forward reac¬ 
tion can 1 ich completion. The reason for this behavior lies in the fact 
hat for every molecule of magnesium hydroxide formed t here are formed 
idaotwo m eteoric, of th f electrolyie NH+NO;. rims, as the 

f ,nnallon ^ ntagn. s.um hydroxide proceeds, the [Mltl i s pro-ressivelv 

z:;zt " ,K by ,h v~*^ 

" ' ] " of ammonium hydroxide to su ,, h . ^ 

„,s„m. ,„t to permit furtl,r formation of magnesium hydro, 

u!,dr,Lt:i!'" m ,trl. W TJ'L"' L ' >reci P iti " io '> -»• » usually 

' ‘' ■ 11 would he belter to prevent entirely the ore- 

' ipi a ion of Mg* 4 as the insoluble hydroxide This ran V 
nlished hv . * . 1 ‘ J ls ran be accom- 

, adding, in advance, an animoniuui sail ormti n • 

nitrate If fKi- ; c , 1 ™ u e i" inwiium salt such as ammonium 

"r H . It t|„- B done he/ore addition of ammonium hydroxide (he 
of any insoluble niaynesium hydroxide. “ permit lorn,.,- 

IS..!, Ilxlrolvsis 


. :T .***** WWX*** » used to dea ribe certain reactions in U s u 
Hater i>. ,,ne of the react mis u <. t • a,,l<ms 111 which 

iorii/es as follows- * ah Iec * rol >te which 


HjO H+ -f OH 


. 'T*** <*f magnesium hydro*tide is underscore! , t e 

iiwoluhlf si did u «ocorea to lndir 


fite that it is an 
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ncKiuvAi i ncmiJ"'' 

_ • ,»..pi» wilrr isO.0000001 

4 i* %11 ,,r iivflro^en ions in pure \Ndw-i i» * v 

m ...* *»»•..-** 

or 1 X 10 M, an hvdroxyl ions lias the same value. 

amounts, the concentration o( hymox^i 

Hence, the ion product constant is 

[H + ] X [OH - ] = ki 


(i x to- 7 ) X (1 X 10 7 ) 


Ki 


1 X 10 -14 = Ki 

1 ,i 5c maintained in aqueous solutions, 
Since this value for the ion pr ™ ’" t ration u f either of these ions results 
any factor that changes the c . trat lnn D f the other, but m an 

in a corresponding change in the^ which is l M with respect 

opposite direction. ,q-h \f with respect to hydroxy ions 

to hydrogen ions must 1 

since in _ H 

Hlii HiS iln l+ i x t ( ^ = i x tti 

1 X [OH - ] = 1 X 10 
[OH - ] = 1 X lO' 14 

„ olv if a wa ter solution is 1 M with respect to 

ConV l U-U w with respect to hydrogen ions. 

When *>lid said to be hydrolyzed. 

hydrolysis ensues, and the salt. 

tioH ^ K + OH + ” C!N 



ater, a reaction of 


K+GIN - + 11^ 11 ^ . 

, • A other reactions involving hydrolysis 

It should be observed that ding neutralization reactions- 

are essentially the reverse of the d wate r react to form a strong 
Tims in the preceding example, a salt' of tins reaction, 

base and a weak m ® J , droge n ions are bound 

,he m is : lo "?r,: ■ S i«-»w «f !» droc 7 amc f hcn "««.- 

Furore the t amon ion elb-t brought ab« 

dered st f un ,i s h»'d by the slro e f , e rolMrn t ration of 

l»v the high [vsJi J # | mpocurement ot tne t t u q t 

cyanide. of 

M X r»” V ^ .1"; MOtH 35 ^ **. ** 
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]H + ] X [I 'll ] = 1 X HI" 14 
(1 X 10~ 10 ) X [OH ] = 1 x 10 —14 


[OH ] * 


1 X 10 -14 

r xTo-*® 



[OH - ] = (lx 10 -14 ) X (1 X 10”) 
[OH ] = 1 x lo 4 1/ 


\N hen the concent rat ion of hydroxyl ions readies this value, the ioniza¬ 
tion of water is <lc|,n ,J p, such an extent that further hydrolysis of 
the potassium cyanide eannot occur. Thus, ... of hydrolysis 

of WON is dependent upon the extent to which un-ion i:ed molecules of 
HCN are formed. 

VVI ' ii sodium aretate is hydrolyzed 

W T 

VrCdl,07 -f HOII XaOH - + HC 2 H 3 O 2 

the actual extent to which hydrolysis occurs before equilibrium is 
established is less than in the ease of KC\, because 110,11,0- is a 
stronfrer acid than HCN and is therefore effective in tying ud the 
in< h<*—• ions provided by the ionization of water. Accordingly, in 

UlfM*as<* ( i| ^4 M J i 11 f f 1 ill <*t (ttf t Ilf* (I 1 + 1 Iw irroolor OM J #1 * j, ’ 

• H “ l' 1 j '•*» h'«'-«ler. and the required increase 
m tie dll | (to permit inamlenance of the value of 1 x Id 14 for the 

io n product of water) is less: hence, sodium acetate is less extensively 

lydrolvzcd tlinn potnssmm cy tiiiKic, 

ln «<■'“';<>» '<* T> - „f Saks. It is apparent from 

-.r- rrl.,„.,| the nature whidb , M . ,, msii ^ 

* ":*• «u. . . it is possibh lo 

1 r hydrolysis in terms of such rehitionships. 

1 • S " /Is of Strong 1 eids and Strong liases. Ordinarily 80xliurn ehlo 
nde audit be expected to hydroly/c as follows: 


Na+Ch + HOH N 


a + ()ll 4 . li+c] 


Ho- '. r .l".prod,„ ,s N«+0H- and 1I*CI- »„. br.O, strona electro 

l.iirl.ly active Corae- 

H.mld result iM .'In'iml .l' 1 *4 " ""Hiing tliat 

spondin, that of par.- water. Hence. in a water anlntini r | W ' 
; hi,ride. Ill-J . [0H-] = 1 x 10 -, ; 

. same as that for pure water, and I his leads to the conclusion 
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, . „ roQQf . n whv such a salt should hydrolyze. Salts of 

that there is no rea > anureciablv hydrolvzed. 

strong acids a JL and Weak Add*. As lias already been 

2. Satis of Strong Bax' an,d Vf ^ ^ „ f 

shown in the i o 1 ‘ hvdrolvze to form basic solutions, 

strong bases and wea aci ^ ^ u ; nverse l y proportional to 

the ionization ^ he V, that is formed, the greater is the 

tion. In general, the weakei 

extent of hydrolysis. c . Arid*; The hydrolysis of a sail 

3. Salts of Weak £ t .ted to occur as slims „ b> 

such as ammonium chloride wouiu 

the equilibrium, 


Hr 


IIOII INHiOlI + H + Cl 


11 | v u i 

i i 1t a in iitp formation of slight 1\ 

since hydroxyl ions become JjJ* NHdOH. If the [OH') is thereby 

decreased, hydrolysis must-otmUnu e is eq ua, to 

a value that the product . f a sa lt of a weak base and 

\ X !«-“• Thus, the extent ofhydndyoao thc 

a strong acid is base that is formed in the hydndybe 

reaction, the greater is the ext ^ so ] u tions. This 

and strong acids hydroly: * e , S uch as Fe(OH) 3 , Bi(OH)* 

Sc“ 

feakBas^ The ^nation for the ~- 

NHtC 2 H 3 0 2 T “ , both 

■ -i of a weak acid and a weak ’ 
shows that the products consist of a ertent . For this reason. 

„f which are ionized to progr essively displaced to the 

the ionization equilibrium of p g tly utilized in the 

rieht to provide H . molecules of acetic acid an . • ce 

formation of sUgnuy ium . ^ toward compieu 

hydroxide, lh Y . , rnH"l is produced to pr r 

hydmlyria- *™?***££Z to form neutral. ”*£*%** 

l>— - T on the relative ■•strengths 

weakly acidic solid “•"** f 
parent acids and bases. 
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Quantitative Aspects of H>droHsis. The Indrohsis of sodium 
■" •‘tate.asalt of a strong hem (Na+OH~) and a weak add vIK dl jO*), 
serves as a typical example of this type of reaction. 



i 




3^2 






* i ( 



- •_> I 1 ;j( I 


The equilibrium constant for a hydrolytic equilibrium is commonly 
d'-Miriiuted a> A,: thus lor the lorcgoing equilibrium. 


A 


[Aa + ] X 



I X fHCjHaCbl 


[Aa-] x (C 2 H (L:J X [1I 2 0] 


\nother convention that is based simply upon convenience is the 
designation of the ion product constant of water as A,,.; this practice is 
nl.om d here because of the freque„c> xvitl, which this term is used 

in calculations related to equilibria involving hydrolysis. 
Calruli.iion. concerned with hydrolyti, equilibria are fundamentally 

■'•"'•yd from ..j relate,I to other equilibria. As an added 

lUodnhon. I,.mover, siqqmsr that one wished to know the hvdroxvl- 

""Iration and the cnn.enlr,.. of tin-ionized aeetie a, id that 

are p-entm a 0.01 if (odium a. elate soluliou. These ealeulalions 

are dted by ... that the sodium a. elate is completely 

.""ized.tt'slurtl.'Tneeeaaary to know that the ionization eonstanl of 

I 'x 'lo' 8 X 10 ‘ a,l<l ,lle ion pnxhtot constant of water is 

Inspe, ti.m of the expression for the hydrolysis constant for sodium 
acetate shows that cat.Balm,, of the term e,„„mon lo boll, numerator 

and denominator (,.e.. |Y, |i and multiplication of both numerator 
d-aioniinator by IH+J pves an . v,,r, -si„„ umerator 


, = [He,11 (>,) x [oil ] 

^ I - -—-in nm. 

sOd 



X 


iiiis (he two lenSM that i 


I he numerator of which cents 

Hu remainder of the A,, expression is the rec 
constant lot ace tic acid. Accordingly 


[H+J 

fJ I + ] 



iproeal of the 


in K,„. 

ioriizat ion 


A 


A 

A 


If 


Hlld siiir? 



value* for Am and A m. -known it f 



s 1 h;it 


A * = 


1 X 1 0~ 14 
1.8 X ■ 



h 


— 5.5 X 10~ 10 
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It is now established that 

[QH~] X [H C2H3O2I = 5.5 x 10 - 10 

and ° f * niul< “ <>f 

acetate^produces^l moleof hydroxyl ion an,, , mo,c of «**= «*• 
Consequently, [OH - ] 2 


[C2H3O2I 


= 5.5 X 10 - 10 


and since [C 2 H 3 07] is specified initially as 0.01 U, 


[OH-1 2 

Col - 


5.5 X 10 


[OH -] 2 = 5.5 X 10 12 
[OHi = 2.3 X 10 - 6 M 

, . Since the concentration of hydroxyl 
which is one of the values soug ' i ni d acet i c acid are equal, 

ion and the concentration of un-ionizefl 

[HC 2 H 3 O 0 ] = 2.3 X 10 6 M 


15.4. Acid-base Reactions discussed 

Although the nature of acids ^rUin'aspects^ of acid-base reactions 
JJfc -ms of a considerably different point 

° f ported Theory. In vtorO* ^I't-ompound ^Ihchdoes not possess 
h properties of an acid, there s ^ "loric acid) exhibits the 

P All explanation may be provid charao p.,istic feature of this 

bv Breasted (Fig. 71) 111 1 “ . t to the extent of including 

theory is that it broadens one s classifie d under these 

acids' and bases vfeus. -hen HC1 is dissolved » 

headings. In terms o established: 

water the following equilibrium isestu ^ 

HC 1 H2O T — (H3 . m A r 

xitriViuted to the ion (1 

M ' is considprcd 10 * i 
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hydrated proton, i.e., II + -I1 2 (). On this basis, the interaction of 

s< hi urn hydroxide and hydrocldoric acid would be represented by the 
equation, 

(H 3 0)+C1- + Na+(OH)- -> 2H 2 0 + Na+Ch 

I lie ionization ol other acids and their reactions with bases may be 
represented in a similar manner. 

In the light of this point of view, 
an acid may be defined as any sub¬ 
stance (molecule or ion) that is 
capable of furnishing or donating a 
hydrogen ion (i.e., a proton). Thus, 
the HC1 is considered to be an acid 
because it donates a proton to tbe 
water molecule in the formation of 
the hydronium ion. Similarly, a 
base is defined as any molecule or ion 
capable of accepting a proton. 

Accordingly, the water molecule 
should be classified as a base in 
I hex* reactions since it unites with 
(accepts) a proton in the process of 
forming the hydronium ion. 1 The 
hydroxyl ion (OH)-, the acetate ion 
(CoH:j0 2 )-, the carbonate ion (C0 3 = , 
and in fact any negative ion capable 
of uniting with hydrogen ions would 
also be classified as a base. 

Although useful in explaining many aspects of chemical behavior not 

o erwise readily understood, the Brpnsted theory has certain serious 

limitations. In this book, the use of these views is limited to those 

cases ra which the Brpnsted theory provides a more satisfactory 
explanation than can be given on any other basis. 

th e R o :l al ;: e St ^ ngths of Ac f is and Bases - I* terms of the Br0nsted 

theb r’ellti wZ StTengths of an * two acids are dependent upon 
their relative abilities to act as proton donors. The ionization of 

1 Although a water molecule that accepts a proton «hmiM , 

any water molecule that furnishes a proton must be classed^ an ad^ ^Th 
the ionization of water, Sea as an acid - Thus, in 

2H 2 0 ;r± H 2 0 + -f OH- 

one water molecule acts as an acid and the other as a base (see Sec. 14.10). 



Fit;. 71. J. N. Br0risted 1 1879- 
1947), (Courtesy of The Edgar Fahs 

Smith Memorial Collection in the His¬ 
tory of Chemistry , The University of 
Pennsylvania . 
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hydrochloric and 


acetic acids may be represented by the equilibria, 

HC1 + Hot) ^ H 3 0 + + Cl- 


HC2H3O2 + H 2 0 ^ H3O+ + C2H3O-, 

The equilibrium mixture - 

centration of this ion - . than HCuHqf >•' because it is a 

quently, HC1 is said to be a stronger acid than - 

much more effective proton donor , standpom t of 

When these same must be recognized that 

the relative strengths of the^bas ^ in competition for the 

in each case two bases (pi bases H ,o and Cl' compete 

proton. In the firstand since the equilibrium mixture is 
for the proton furnished y _ con( .| u de that the water molecule 

richer in H 3 0 + than in H , , , - de ion . Similarly, the acetate ion 

is a stronger base tian ter molecule because in the acetic 

must be a stronger base than of HC 2 H 3 O 2 molecules is 

than the chloride ion. . oiditv Once it is admitted that 

Effective Total A ^ ^ q „ arises as «o 

tf these acids. The answer hes in 1 ac «u ^ ^ 

neutralization reaction involvetlm u Cl', CiH.Or, or 

the hydroxyl ion, which is a base mucl 


1 1 2 0 . 


h 3 o + + 



2H20 


on w 



When a base is added to the 

HCl or HCiHzO,, the hydronmm ions pres with OH’. A> 

owing to the occurrence id the^ ^ HQ or HCs H,0, molecules 
quickly as this happens. bUsh the equ ilibnum concen 

react with watermotecnles to ' available for ree 

of HsO + , and these ions thereby 8trong or the weak and 

additional base. In the eaeecdmt ^ available, and tto 

additional hydromum ions be ■ jg, or HC! H,0 t molecules an 

continues until there are no ■ ( . 01 , r | u ded, in comparing . 

neutralization is number of potential proton, that 

two acids that contain tii 
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active concentration of hydronium ions may differ greatly and yet the 

total potential acidity is the same. 

Effective Concentration of Hydrogen Ions. Particularly where 

low acidities are involved, the expression of the |ll j in terms of nor¬ 
malities is somewhat cumbersome. Thus the |H | in iure water is 
0.0000001 N and that of a 1 N solution of sodium hydroxide is 

may, of course, be expressed some¬ 
what more simply as 1 X I () 7 V and 
l X 10~ 14 N, respectively. How¬ 
ever. since botanists, biologists, 
physicians, and others less accus¬ 
tomed to these schemes of notation 
frequently have need to express effec¬ 
tive hydrogen-ion (or hydronium- 
ion) concentrations, it has been found 
desirable to adopt a still simpler 
scheme which has come into wide use 
in the various branches of chemistry 
also. Such a scheme is the “pH 
scale” or “hydrogen-ion index” 
devised by Sorensen (Fig. 72). In 
this system, the pH value of a solu¬ 
tion is defined by 

P H = log [jp, 

Thus for pure water, [H+] = 1 X 10 -7 

mole per liter, and the pH value is given by ^ 

I Id n 

PH = log , = log (1 X 10>) = 7 , -1 



Fig. 72. S. P. L. Sorensen (1868- 
1939). (Courtesy of The Edgar Fahs 

Smith Memorial Collection in the His¬ 
tory of Chemistry , The University of 
Pennsylvania.) 



If the [H+] of a solution is known or can be determined experimentally 
by any one of several available methods, the pH value may be calcu¬ 
lated as indicated above. Also, methods have been devised for the 
fairly accurate direct measurement of acidities in terms of pH values. 
The relationship between the pH scale and the corresponding acidities 
expressed in normalities is shown in Table 20. The pH value <»f thr 
human blood is about <.2 (i.e., slightly basic) and cannot vary greatly 
from this value wilhout fatal results. The pll of soils is sometimes 
regulated by the addition of lime. Cooking, baking, brewing, and 
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many 


other operations depend upon regulated ac 



ics usually 


expressed in terms of pH values. 


Relation between 


T ABLE 20 

pH Values at 25° and Nohmalitt 



Normality with respect 

to H + . . 

Corresponding P 
values 


10» 10-' 10- 5 10-»'10' 4 10-M 


o-« 10isr 



* 1 * 


ncreasing aci 


neu t rali t y 


increasing basicity 


Oir - 1 V 


H + -IN 


A strictly related term, pOH, is defined as, 

1 

P ( )l1 = log [OH-1 


Jor pure wat@ j 

poll == log 1 x lfF 7 




and since 


K. = |II + ) X (OHi 


it follows that. 


= 1 X 10 


pH + pOl 1 


— 14 


= 14 


q lJ y of sulfide ion reqmred by 

taming i>i ++ 1S > n 

m 


the eqiu' 11* ni, 


]Ni ++ + S' 





r w;++ and S" remaining in O'" 
At equilibrium. 11"’ purpose, the reaction mi »* 

solution are quite I""- £ ***“ Never*.!*, some 

c onsidered as having pro" * solution where they 

nickel and eulfideWol sulfide (Fig. 7*). The actual 
equilibrium with the pre. ipii.ue 
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< mu ••n1r;iti«»n of ion > remaining in solution {i.e., not precipitated) is. 
f cours . related to thfi solubility of the substance involved. 

Solubility Produet. Wht‘ 11 . n> indicated above. :i solid i pre¬ 
cipitate- Ml in etpiilibrium with a saturated solution of its ions, the 
■ In, t of the molar concentrations of these ions in the solution is 
r.dled the tdubUify product* Far nickel sulfide, accurate* analysis of a 
saturated yilutioi' oi ibis compuunci sinews that the solution contains 
l X It ' mole of Ni 4- *' per lit**r, and since the two ions were brought 
together at equivalent concentrations, the molar concentration of S” 
must have the same value. Accord¬ 
ingly. the solubility product of nickel 
sulfide, 

f\i 4 *] X [S-] = A.„ 


is given by 


{1 X 



* X 1 X l" >») = K 


AV„ = 1 X 10 


2* 


Zn ++ Zn ++ +S = Zn 
+S* • +s 





1 






Fiu. 73. A precipitate in equino 
rium with a solution of its ions. 



The symbol A. p . is used to designate 
the solubility product constant., which is 
obviously nothing more than an ion 

prod- 

net relationship as outlined above is only an approximation which 
is Hunted to solutions of slightly oluble substances in which the 
■ ion concent rat ions are very low. In order for this relation- 
ship to hold rigM!ou>l\. it is necessary" to consider not the product of 
tie* two concentration terms but rather the product of the activities of 
the ions. Thus, the [\i for example, would have to be replaced by 
the produ< t of the nickel-ion concentration and the appropriate 
activity coefficient; a similar correction also would have to be applied 
in the case of [S~]. 

A low value for A fcp . therefore means low solubility, which in turn 
implies relatively complete precipitation. For example, the A . p , for 
CnS i> t X . or a value very much lower than that for NiS. 
Consequently. under the same conditions of sulfide-ion concentration, 
f *u * ’ is precipitated much more nearly com pie tely than Ni + +. A 
tabulation of values for various substances is given in the Appendix. 

^ hen aaobtion containing 8" is added slowly to a solution contain- 
rig Cu iT . for example, pr< ipifation does not U-gin until the product 
< f tin molar (vmci ntxutioo*. of Cu~ 4 and S“ is sufficient to e 
•oluhilit \ nrnduct constant of CUtS. Once this requirement is met. 
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the degree to which precipitation proceed, toward comple. ts 

dependent upon the extent to which the A„ « », w ex. ee.led II t 
is desired to precipitate Cu++ as nearly completely a. possible a. 
excess of S” should be added. Under these comlil mus the ... tie 


[Cu++1 X [S’] - A'.- -4X1# 


38 


is maintained while, as the sulfide-ion concentration is progressively 

increased, the copper-ion concentration is decreasea to 

It is for this reason that an excess of a precipitating agent is usua y 

^^Qualitative chemical analysis, numerous ions are precipitated 
bv means of hydrosulfuric acid (H,S). This is a weak and which » 

soluble in pure water at room t '™P er ®*“J e ^ ^odurt constant 

saturated solution is approximately n.l M. 1"• 1” 

for the saturated solution is 

[H + ] 2 X IS - ] = 1*1 X 10-'-* 

and the utility of this reagent commonly de P™ ds 'Jf J,,* ,h‘ 

iS-1 may be regulated by proper solution is 

saturated aqueous solution Pi - 1 X■ 

j ni uinH+ the [S = l is decreased to 1 X iw ■ . 

It is often convenient, if condit ions of sulfide-ion 

a given ion will precipi ■ reached if the solubility prod- 

concentration. Such decisions . ^ , ' the question may arise 

uct constants are known. ’ ^ so i ut ion in which 

as to wheth«- MnS v o ^ and w hieh is saturated with 

HjS at 25®. Since A.,, for MnS is abouO Xir^»J spe(iflK j. 

that precipitation does not occ _ , x and 

Owing to the effect of the common ion, H , 

[Mn-i X IS’] = 0 X I#-) X (1 X 10-0 


= 1 X 10 


22 


ii ,i m k' for MnS. Accordingly, it is seen 
which is a value much less than K„. ^ ^ been prov ided to exceed 

that toolow aconcentrat^of s^ , he Nation in question 

,he solubihty product of Mn..^ ti . ^ ^ ^ t|w strong electrolyte 

had been mad« \ . be completely ionized, lh“U 

(NHi)JS-, which may be assumed to be co, P . 

Cl X 10“ l ) X (l x w ) 


[Mil'll X (S’"] 


1 X 10 


— 9 

m* 
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which is a value very much greater S han A 5 . p . for MnS. Under these 
cond itions precipitation of MnS occurs, and since I X 10 “ is so much 
treater than I X 10 -15 . tlie precipitation reaction proceeds essentially 

to completion. 

As indicated previously, the solubility product generalization holds 
for any slightly soluble substance. It should be recognized also that 
the equilibrium between the solid and its saturated solution need not. be 
approached through a precipitation reaction. Exactly the same 
principles are involved when, for example, a slightly soluble salt is 
agitated with water until the solution becomes saturated with die 
salt in question. If one should saturate some water with lead sulfate 
at 40°, one would find thal the resulting saturated solution contained 
0.056 g. of l’bSCh per lifer of solution. Since the molecular weight 
of lead sulfate is 303, the corresponding molar concentration is 
0.056 -r 303 = 1.81 X 10 -4 M. This is also the molar concentration 
<»| Pb+ + and S 07 , since this salt is a strong electrolyte and may be 
considered as completely ionized. Accordingly, the solubility product 
constant for lead sulfate is 


A.., = [Pb++] X [SOT] 

= (1.84 X 10- 4 ) X (1.84 X 10- 4 ) 
= 3.4 X 10~ 8 


Another type of calculation that is commonly encountered is 
illustrated by the following example. If the solubility product of 
cuprous chloride is 


Aa. p . = [Cu+] X [C1-] = 1 x 10-« 


and the concentration of Cu + in a certain solution is known to be 
0.0125 M, what is the greatest concentration of chloride ion that 
can be present without the occurrence of precipitation? From the 
solubility product expression. 



1 X 10- 6 
[Cu+] 


1 X io-« 

0.0125 


= 8.0 X 10- 5 M 

At this chloride-ion concentration, the solubility product of cuprous 

chloride is equaled but not exceeded; consequently precipitation does 
not occur. 
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CJENF.K Vl- KXF.K('.ISFS 

1. Distinguish between II, 1 "’?*2|!35i| Z* 'Tt 

product on, LSI ant, hydrous ■■■••'«=••* s ‘‘ lul ■ „ „ f h%4i p. 

Us and iieutridizatkm; («> total .cl,, y and effective coocen 

•7 

inns. ,_ i |_ nil * n nnMmtH as an equilibrium 

2. VV1>> is the ioiii/itlinti of slrang «k«**«J***«* 

, ls . in lilt* t'fi'Nt ‘ of \M‘uk rnl \ t < j. . __ 

us ,u 1 . n* * i<» I he lav of iiutjai 8f i* ( *n. 

lh,w is il»- '' J ' ^ i _ hyd 

v. What . detrrii„n«*> >'.* « indica , ( . „ - -»• 1, l,N-irolyw» upon cm- 

>- 1 : I Inn, ! ;i —- Sill! s. U1 l i 

5. I 1 r I nit im r \U • t 1 

'tVl’«• *•*. -» b,tato * 

as aa add or a bale. in th. calculation ot tb» l.ydrdjda 

7. Why does the term [HiUl no1 *P*^ 

constant ^"dium acetate _'** S **' (lin taio. 3c, t">7 g- of 1 “ nd ,l; ® 

H Two solutions ar* k n . mnar eMfo (a) dkotin H 

other 97 g. of IlSnr- Howrdo th«e two «**«- compare 

and (6) total available a- „l>t > lll( ,,,,, ,,| ammonia I intbieuoad by an 

9. IIow would the (OH 1 m an aqueous solution oi 

elevation of tlu* tempera!nr- :' , t react to form a spari,,gly w* J 0 

10 \\ hen two solutions containing j . Itl , t if the iuaohibh- 

,U , ... t.,r,-tl,. r. what require.. mu . ' mw* 

substance are brought Uigemrr, T« 

substance is to appear as * P’TJTV ,„ drate C*S0 4 SHrf>. 

11. Suggest an alt,,n athf* . -Jutiona would providi .,eat<T H- ■ " 8 

12. Which of the following sob, » , f ,,,„f mercuric chlonde 

0.1 M solution of mercuric chl<’ nC ' | j id . :> * 
containing some dissolved sodium chlonde- 

problems 

, „ t {ar acetic acid corresponding to the ten.- 

l Calculate the ionization eons an . nt i<«afeNj&» 

J.“.,uhich a 0.1 u | f .^ 

formula HBz «* ^ c ,j. te the p 

lion cous.au. of tins acid att* » ' W Calculate tbe 

i« a 0.12 aVf solution of benzoic au 

. i • i ner cent ionized 

io rST» oi * Mm of h> - dro,rf * 

c calculate the ionization o<c“ * , . >dd lh „ add is 0.011 Pf 

a oeriain aqueous solo, a * o .hat is tb. n»Ur ermc-tzab-* 

Led. If .be iouizaUou con-un. .--IX _ 

HCN in the solution. ^ iultt acetate which ^ 

S- Tbrec-tcn.bs of a m*, f“ „f 0 .1 M «*»“ » d ’°^atioa of 

mpletcly ionized fc X IT*. -*-l - *1- »««« 

"i .icu couswut - 0 i: U ammonia- b,d««- 

vdrogeu ions m mis hvdroxyl ions in a 1 1 
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7. Ii one dissolves 0.063 mole of solid ammonium chloride (assumed to he 
completely ionized) in 1 liter of 0.1 A/ ammonium hydroxide solution, what is the 
hydroxyl-ion concentration in the resulting solution? (Ki for NH4OH is given in 
Prob. 6.) 

8. If ammonium acetate is 80 per cent ionized, at what concentration must this 
salt be present in 0.5 A/ acetic acid solution in order to provide a hydrogen-ion 
concentration of 2.8 X 10~ 5 M? (Ki for HC2H3Q2 is given in Prob. 5 .) 

9 . Calculate the molar concentration of acetate ion required to lower [H + ] in a 
0.025 M acetic acid solution to a value of 4 X 10~ 6 A L 

10. If 15.4 g. of solid ammonium acetate (assumed to be 100 per cent ionized) 
and 5.0 ml. of 7.0 M acetic acid are dissolved in enough water to make a total 
volume of 100 ml., what is the concentration of hydrogen ions in the resulting 
solution ? 

11. What is (a) the hydroxyl-ion concentration, and (b) the pll, of a solution in 
which [H + ] = 1 X 10 ” 5 A/? 

12. Calculate the hydrogen-ion concentration and pH for each of the following 
solutions. (a) 0.01 M sodium hydroxide, ( b ) 0.0001 M sodium hydroxide, (e) 0.1 M 
hydrochloric acid, (d) 0,001 M nitric acid, (e) 0.100 M potassium hydroxide. 

18 . 1 he ionizat ion constant lor phenol (an organic compound commonly known 
as “carbolic acid,” which may be represented by the formula HA) is 1 X 10 -10 . 
W Mat is the pH of a 0.016 A 1 aqueous solution of this substance? 

14 . What is the pH of solutions in which (a* [H + ] = 5 X 10 -12 A/, (b) [H + ] = 
6.3 X 10 -* M ? 

15 . Calculate [H + ] a id pOH for solutions that have the following pH values: 
(a) 8.6, ( b) 2 . 07 . 

16 . Determine (a) pH, (6) [OH-], and (c) pOH for a solution which is 7.75 X 
10~ 4 M with respect to H + . 

IT. If Ki for HCN is 7 X 10->° and K w is 1 X lO" 14 , calculate (a) K h for 0.2 M 
potassium cyanide, and ( h) the [OH - ] in this solution. 

13 . Given the information that Ki for acetic acid is 1.8 X 10 -6 , calculate the 

per cent hydrolysis in each of the following cases: (a) 0.001 M sodium acetate, 
\b) 1.0 M sodium acetate. 

19 . hi for nitrous acid = 5 X 10 -4 and K w = 1 X 10 -14 . 

Ki, for 0.62 AI K.NO2, and lb) the corresponding [OH - ]. 

20. If A'a.p. for ZnS = 1.2 X 10 - « what is the so i ubi]ily (expressed in molarity 
i ine sulfide in a solution in which [S~] = 0.25 M? 

21 . If the concentration of sulfide ion in a given solution is 1.1 X 10 ~ 22 A/, what 

is i lie maximum concentration of Pb++ that may be present without the occurrence 
of precipitation of PbS? (K B . P . for PbS = 3.4 X 10 - ».) 

22. The solubility of silver carbonate in water at 20° is 0.03 g. per liter. < f I i- 
late A' s .p. for this salt. 

„“ 3 - t, 01 M solution <>f coPPer nitrate is made 0.1 M in H+ and saturated with 

f ‘°7 l . hat K ’ p - for CuS (= 4 X 10_38 ) is exceeded under these conditions 
- 4 . A solution is prepared such that [NiS 0 4 ] =0.1 M, and [S“] = 1.3 X 10 -15 . 

If A'. p. for NiS = 1 X 10 -2 «, make calculations which show whether nickel sulfide 
IS precipitated. ^ - : v V 

If for AIqS = 14 X 10_15 > determine whether precipitation of man- 
ganous sulhde occurs from a solution in which [S“] = 1.9 x 10~ 22 and [Mn ++ 1 — 

2. i A/. ' 


('alcuiate (a) 
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27, 251 


\ci<l Mini 


09 (1 ^ 10 


26. A solution contains the.MM*: ion. .* ,TttK^Z 

IH + 1 = 3.0 M, [S'l 1 atiIMS necrsseB? to show whether PbS pn-ripital'-' 

pbS = 3.4 X 10“ 28 , make calculations necessar\ 

from this solution. 
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CHAPTER 16 

CLASSIFICATION OF THE ELEMENTS 


I a view of the fact that nearly 100 chemical elements are now known, 
one is at once impressed by the fact that the acquisition of a detailed 
knowledge of tlie chemical and physical properties of each of these 
elements would be an extremely arduous l ask. Fortunately, however, 
it is not necessary for most purposes to study all these elements in 
terms of their individual characteristics. Over a long period of time 
and as a composite result of the efforts of many scientists, it is possible 
to study the elements largely in terms of the interrelationships that 
they exhibit. < in the other hand, one must not lose sight of the fact 
that, for some purposes, each individual element must be made the 
subject of very detailed study. 

16.1. Historical 

In the early years of the nineteenth century, chemists began to 
observe certain types of similarity among some of the elements known 
at that time. At first these observations were restricted to as few as 
i hree elements but later were expanded to include as many as sixty. 
Dobereiner, New lands, De Chancourtois, and others attempted with 
only very limited success to organize the known elements in terms of 
their atomic weights and thereby to provide a basis for the correlation 
of their proper ties. The first major accomplishment along these lines 
came as a result of the work of the German Lothar Meyer and the 
Russian Mendelyeev (Fig. 74). Although they should be given joint 
< redit for having quite independently devised the first reasonably 
satisfactory classification of the elements, Mendelyeev's work received 
much greater attention because of the boldness and almost uncanny 

accuracy of the predict n ms that he made with reference to the existence 
and properties of elements not then known. 

Mendelyeev arranged 11 ie known elements in ascending order of 
their atomic weights. He observed that same sort of periodicrecur- 
re,Ke properties that was pointed out earlier by Newlands. Phis 
periodicity in chemical and physical properties may be likened to the 
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Fig. 75. Modern Mendelyeev-type periodic table. 
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16.2. General Relati 



of llie MeinldLj<“«•>' Arrangement 


general iu itmv - 

, rr .„„.cd in order of ..sending ... lh " ' 

, ' 0 ' U "n S dtr!o,r The'del'ailed character of lit— go. "■‘ 1 P™*» 

;ire considered after some ideas concerned « » ' - 

ships of the periodic table have b een ya nUA out-__ „, ilt 

An examination of the elements hslM » .« > 7 ^ 

these elements exhibit cerlam , wh ^ and physical 

certain more or less regular , . A»p« aaomewhatdifferent 

characteristics. Regular.Ues andrel, ^ 1 Pj j, of *- 

character are observed when one examines me p y 

roents that fall into any give" I” '.'‘p'i'idi diagonal Une is drawn 

Metals, Nonmetals, and Me.allo ls U a ^ ( „ r 

across the table, as shown in Fig. 1 a, apparent: 

the moment, the following genera ri. the diagonal line 

1. The elements tabulated below and to the U ^ fw the ,.|,.. 

are those having the properties of met... rem ,„„l from the 

ments in any given vertical group. ,he fa ^Bc character of .he 

diagonal line the more P™''™; 10 ' “listed in the lower h ft- 

element. Thus the most metalli' 

hand region of the table. the right of the diagonal 

2. The elements tabulated <*»""> ®” marked degr.te <t 

line are those which, in general do ^ P° nonmMs . Nonmetal- 

lie character becomes more P™ Hue, with the resul 

positions above and to the ngM rf.the dm ^ ^ i[>pcr 

That the most nonmetalhc elements are 

I • remoaof the table. . ftnraeta ls) and the lower lelt- 

3. If the upper right-hand region _ represe nt the two extremes 

hand region (metals) contain ^ it follows that the f *?* 0 *^ 

in metallic and nonmetalhc cln . ’ between these two broad classes 

line represents a Une of demarcate ^ find that the element, 

of elements. Accordingly, it ^notsmp^ “JT intermediate in charac- 
located on or near tins Une are These elements wee 

ter between the metalsandt^ ^ element arsenic exln 

Lie properties that are characteristic ot^ In some 

properties that are ^“^ac ts like the metals; in other reactions 
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1 XG» 76* General relations in I lie JViendelyeev periodic table. 


































230 


GENERAL CHEMISTRY 


Chap. 16 


its behavior is much like that of the typical nonmetals Elements that 
exhibit such dual character are sometimes said to be amp 

^Themical Activity. A fairly good estimate of the relative chemi¬ 
cal activity of an element may be gained by considering its position m 

increases in most cases with increasing atomic 

number. In Group , P ^ francium? about which relatively 

lithium to cesium (an P , howeYer# j ust the reverse trend is 

exhibited by the elements copper, silv , g ' . it ith 

recognized that the te * k pronounced in each succeeding 

in genera! decreases wit mcreas r right-hand corner of the 

most active nonmetals are foun , j as one proceeds from 

table. Again, this trend becomes less marked as one p 

Group VII toward the center of the■table. di ramma tically in 

some of these general relationsh ip. J visualiM3 this 

Fig. 76. These trends are bes“ n ^ rs tab i e (Fi g. 75). 

diagram as being superimposed upon the period. 


16.3. Horizontal Periods rties become 

Distinct trends in both diemm _ the^econdpariod, whicb begins 

apparent u|w>u study of the eemen^ ckment )jtbium, is decidedly 

with the inert gas helium. Group II, & predominantly 

metelhe in character. BwyUimrnm passes a 

metallic although less so ’ to wmT aiit its classification 

sufficient measure of nonineta) >■ element in this period 

as a metalloid. Boron ,n Group 1 , ^tlllic properties. These no„- 
which exhibits a predominance of nor of carbon m 

... characteristics are st degree in the succeeding cli- 

I ; r „up IV and are exhibited » fluori ,ie is the most non- 
ni.-i.ls, nitrogen, oxygen, ant “ ; to F ig. 17 it is seen that the 

metallic element known. By lx - involve, the qu. 

sequence of elemenU .“ w „ a «. A similar regularity 

regular addition ol elect.oils « ' , , „ j seen to occur fron 

,l,c cl.-, ironic development of the Hurd 
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sodium to chlorine in the third period. This regularity is consistent 
with the progressive trend Irom metallic to nonmetallic properties. 

In the third period, the first member is the inert gas neon. In this 
period, sodium is a typical metal, magnesium is somewhat less metallic 
than sodium, and aluminum is a typical metalloid. Nonmetallic 
character is first encountered in pronounced degree in the element 
silicon, and the remainder of the elements in this period become 
increasingly nonmetallic from silicon to chlorine. It should be recog¬ 
nized at this point that nonmetallic character appears later in the third 
period than in the second. This tendency becomes more marked in 
each of the succeeding horizontal periods, a fact which is reflected in 
the slope of the diagonal line in Fig. 75. Thus, the first predominantly 

nonmetallic elements in the fourth period are the Group V elements, 
vanadium and arsenic. 


The fourth and fifth periods (long periods) consist of 18 elements 

each of which 8 are “normal” elements (like those of the second and 

third periods) and the remaining 10 are called transitional elements. 

e sixth period consists of 8 normal elements, 10 transitional elements 

and 11 rare-earth elements, or a total of 32. The seventh period is not 

fully developed, but it too appears to include a second series of rare- 

earli, elements. Although these long periods involve complexities in 

structure that are not encountered in the first three periods, the same 

kinds of regularities and trends are found. Throughout each of the 

horizontal periods, definite gradations in both chemical and physical 
properties are encountered. 


16.4. Vertical Groups 

From the standpoint of simplification of study, a close examination 
of the relationships exhibited by the elements in any given -roun 
proves to be most helpful. The problem may be simplified at the ou t- 

, 7 ^hiding from consideration the inert gases, the transitional 
me tals of Group \ III, and the rare-earth elements. Of the remaining 
seven groups, each consists of a “ main family ” and a subgroup Each 
main family consists of normal elements, while the subgroups consist of 
ran, lona , ***** The relationships between Z ZZTL l 
u * group can be appreciated best in terms of specific cases 
However before considering Groups I, IV, and VII as typical examples' 

Wl > r "‘ " > lle recall the structural similarity exhibited hv lte 
J ? ms ° 1 e elements consigned to each vertical group From Fi°- 17 
« IS apparent that in any vertical group the total number of electrom 
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* 1 ->u ii-ip o am e for all of the elements involved, 
in the outermost shell is the sa ^ 2 dectrons in the outermost 

2 *L in slru, lure 

"em^L * for the reason 

r“^hr^ween f—TSE 

completed shell of 8 F heavier than that of the Be atom, 

and consequently d V jJ is sce u that this same gross struc- 

and observed. - _ m s for the structures of the Sr, 

lurai siiniidxitj „ rtn <»titiite an extension. What nas oem 

Ba, and Ra atoms simp y the 0 ther vertical groups, 

said of Group II applies also in thecas j of the alkali metals 

Group I. The ^^^Tis one ofThe most recently dis- 
Li, Na, K, Rb, Cs, and Fr, Becau » about eit her its chemical or 

covered elements, relatively little is k disregarded in the 

physical properties; consequently it ^ numbe r, the 

remainder of this metallic elements exhibit surprisingly 

temperatures^ifTshownlay the' data in Table 21. The solubiht.es (in 

TABLE 21 

_ flF the Alkali Metals 

Melting* Tempkratliu-s_ 


Alkali 

metal 


Atomic 

number 


Melting tem¬ 
perature, °C. 


Li 

Na 

k 

Rb 

Cs 

Fr 


3 

186 

11 

; 97.5 

19 

62.3 

37 

38.5 

55 

28.5 

87 

_!_ 


water) of the compounds of 'J^^^hetlonS number of U-e 
general, solubility decreases ” U ‘ ect ', ba t KbC.1 would be less soluble 


hty decreases be less soluble 

~ n , IY1 ptfll Thus, one would expect tl 

bi water tiuui KOI, and such ^ ^ n , gula rly throughout 

- itl f T“f- J;: v ZSSd Sample, by increasing rates ot 

jathium to cesium, as eviaem 
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merits in the group form compounds having similar formulas and 
properties. T<>r example, lithium combines with oxygen to form the 
compound (oxide) Li 2 0 and with hydrogen to form the compound 
(hydride) LiH. Accordingly, each element in the main family of 
< u i nip I may be expected t< >, and does, form similar compounds. Since 
the alkali metals are base-forming elements, the oxides of the type M 2 0 
dissolve in water to form bases, e.g., 


Na 2 0 + 11 2 0 —> 2NaO I I 
Cs 2 0 + HoO -> 2CsOH 


The basic strengths <>i i lie resulting solutions (at equivalent concentra¬ 
tions) increase regularly from Li to Cs; hence CsOH is a stronger base 
than RbOH, which in turn is a stronger base than KOH, etc. 

A lthough the properties of the elements in the su bgroup (Cu, Ag, An 
are in many respects quite different from those of the main-family ele¬ 
ments, a sufficient number of similarities is found to justify the alloca¬ 
tion of these elements to Group I. On the other hand, the three 
ii 'Mhoiml '•I'Hiients, Cu, Ag, and Au, show marked similarities and 
trends among themselves and also in relation to I he other transitional 


elements. 


trfnim TV *h'to fAuWK ^..n!,, _ • i n . 



° 1 *. Cl, Rr, I, and the 
U P main family of 
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, . . , A Vi,, Tp nnd Reconstitute 

r* vii while the transitional elements JVlu, tc, o 
Group \ It, wffl . p l |i. 0 mil)°roup elements in 

the subgroup. A . . . f similarities to the elements of the 

Group VII exhibit surprisingly few similarities to 

main Is 


ain family. ,„ ••• a . \ 1P trends of behavior 

Tins 

and properties illustrate e e ^lu< li are given 

statement is bomeoutby an ^^^^irelpoundswith 

terife metallic character increases regularly 


TABLE 22 

_ 171 rMT- N'I'S OF THE IIaIjOGEN 
PROPERTIES of hLE MEN 1 h __ 

---1 


F VMTI^ 


Property 



Br 




t * * # 


9 * ® 


Physical state. 

Hoi or.. 

Soiling temp., C. at 1 
leal of formation of HA 

Uability of HA*. 

solubility of HA* in 1< 
H 2 0 at 25°C. 


, * * 


tr 


■ * * * 


Gas 

Colorless 

-187° 

+ 128,000 
Very stable 

35.8 g. 


Ga: 


I 


Yellow-green 

-33.6° 

+44,120 

Stable 

42.0 g. 


Liquid 

Brown 

61.1° 

+ 17,300 
Fairly stable 

49.0 g. 



Purple 

Sublimes 
—11,820 
Uus table 

57.0 g. 


* Where X represents an element or the halogen family- 

«WkW9 p . • j; ne a)U t astatine, both ot 

run the very nonmetallie fluorine to iodi tren d iu 

hich cxliibit some decidedly t■ P gain „r electron*) 

iciuical activity (in the sens . ^ rp(n ,,inactive astatine to 

t in the opposite direction, i.e., ( , hlorine i s more active than 

be extremely active fluor,n „’ . displacing bromine from its com- 
.romine and is therefore cap. - ^ ulio „ of sodium bromide ■* 

munds. If. for e«mp e,.an ‘ 1^ : rf lhe following W «“***• 

rented with gaseous elilorme, a re. 

2NaBr + Cl, -> 2NaCl + Br, 

16.5. Introductory Elements period stand as 

Since, with one except ion, the eleinen. ^ nlig|ll ba ted to 

the first elements in **«“P ^,oo aSeristics of these elenn n s 

assn, .hat the chemical of.!"*«*“ 

other elements in each gr I- {Xh{% m;u ,y properties th 

so-called i nlrodudory <im«# *“ D tl ,c other members of th ■' 

hoormal in comparison with thoa • , , dement resembles 

abnoiinat m i ..niunmli each introductory w 

groups. For example, allhc.ugn 
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the corresponding third-period element, it also usually has some 

Thus" 1,1'" 77”°" the *“*■*•« element in the next group. 

Thus, although L. and Na are very similar. Li also resembles Mg in 
many rispes ts. Similarly, Be resembles both Mg and Al B has 
properties in common with both Al and Si, etc. Although these and 

fecnoTuVpH fnr • Z , • °! the lntr oductory elements have been 

tliis kind of hel g • time ’ a S1 ? P 6 and satisfact ory explanation for 
tms kind ol behavior is not available. 

Since a knowledge of the properties of at least two elements is 
necessary in order to establish the trend within a given group and since 
an mtroduc °ry element should not be one of these, it is logical to 

for ex unii thm S entS ® “f, Se in &OUp V1 ‘ If “ «*» found! 
lor example, that Se is more metallic than S, then one would be led to 

fhlt'n l" u? C 'i SO> ***** rre slloui< l I"- core metallic than Se and 
Group VI. alhc eIement ,n the “am family of 

16.6. Modified Forms of the Periodic Arrangement 

Many modifications of the Mendelveev classified™, n i. 
posed as the result of efforts to clarifv mT ,. aSS, ". catIon have Pro- 

These tables hava 

Although all of these effort. fi.li —!7^ ^ < ”^ me n810agl models, 
found that modifications desiJedTT. r f P^ 368 ' “ 18 
ships frequently have the disadvantageofteoSS"' 

Fig- 1 7, which has the distinct advantage of * abIe shown » 

Jgg* ° f ‘"‘relationship of Ihe 

Should be noted that in Fig. 77 the ra™ • eiem ents. It 

exact!*' 6 at ° nl,C ‘ Weight Values ind " d «> are approve “than 

16.7. Transitional Elements 

fhe sometimes striking lack of similTritv kot ,1 
main family and its suh^oup ° f • 

f . ’ u eXd, " I>1 ''’ ‘ l,e subgroup consisting of the transitir 1 "i Gr ° up 

fa mMy (0, S, Se, Te and Po) and tl^ Tesem ^ ances & the main 

eight of these elements must lmve 6 ^ 0 ^hT” tbat a11 

Electrons m their outermost shells. 


Electron-shell 
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On (he other hand, the differences that become apparent when one 
compares the properties of the subgroup elements with those of the 
mam-ami y elements are the result of a property possessed by all 
transitional elements, l.e„ in the atoms of all transitional elements, the 
two outermost shells are incomplete or imperfect. It is not surprising 
that these elements should exhibit some properties not found among 
main-family e ements, which have only one incomplete shell. 

All of the elements of Group VIII are transitional elements which 
show trends m properties similar to the gradations found in any other 

group. Thus, Fe, Ru, and Os constitute a triad of structurally related 
elements; consequently, they are similar in chemical and physical 

Other f tieS 'f 1G 1 r f atl0nshlp between Group VIII elements and the 

driven !r%“ * S “ Sh ° Wn b6St by “ Peri0dic table of the ‘We 


16.8. Rare-earth Elements 

The 14 elements corresponding to atomic numbers 58 to 71 inclusive 

tiKn T ** ° f the periodic table and bs Id 

separately at the bottom, as in Fig. 75. These are known as rare earth 
LThT “Ch d Part ‘ CUl “ f rieS referred to above is eeunmonly known 
foUows the element lanthanum (atomic 

lonts P , yS ' Cal pr ° perties these 14 elements are closely allied to thl 
by thehltrikfng^liluhcal siirfdaritv!' 6 

methods. In their compounds the develo P ed 

tion that they show an esnecial otoK i t 5 ? U ls under this condi- 

group as a whole. These Elements differ characteristic of the 

types in that their atoms have three incomnW rUCt . Ure fram a11 ot her 

Evidence that has become available onl/withTI 
indicates that a second series of rare-PartV. L p t few y ears 

in the seventh period Bv analn ‘tv. *u ® men t s begins somewhere 
reasons also), f ^^brother 

the element thorium (atomic number 90) and^tT W ° UW with 
evidence in support of this view. There should h W J S considerable 

to 98 inclusive. These nine elLpuig l known ’ l ' e '< elements 90 
to the lanthanide series but differ for analo £° us 
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•j t ; .. in tlieir respective compounds, 

greater variate “ “f ^^complete seriL of rarest). ele- 

Again by analogy, this piesenuy v 


16.9. Synthetic Elements ^ ^ has been comp lete 

that the P e ™° j, t ^ e atomic numbers 

in the sense that ^ "SKX,wn in Meade,yeevs 
have come to be known. . S _ discovered in the normal course of 
time—but predicted by him ^ _ conventional experimental 

events and through the use o , t ntg Q f atomic numbers 43, 61, 
methods. By 1939, however, 93 , 94 95 , 

85, 87, and all those of atomic number greater 

96, 97, and 98) were still UU V*° ^ b\ e knowledge concerning 13, 
technetium (Tc); 61, 9 f (Pu); 95, americium 

(Am); 96, curium (Cm ; 97 be » J disc overy of methods whereby 

has come almost entiuly a laboratory. One need no longei 

elements may be synthesised .. U.e ^^ ^ ^ e)cment in nature; ... 

depend exclusively upon 1 95 96 , 97, or 98 exists in 

fact there is still no e«*u« in „ aluK in 

nature at all. Also, 8 a, 8 ., «, ,„,„rring minerals would be 

minute that their isolation lion 

either extremely dilheull or coU > , |Mwatio „ in the nucleus 

Because the synthesis ot elm q haretofore encountered ar 

Of the atom, Chemical changes ol ■ > ^ of -‘nacteB chem.s- 

iuvolvcd. These Changes fall V. I « study of this chapter also 

try.” wbW. is the Whereby ***** * 

ToTlU* elements have been produced in the labora.ory. 

ss^zz .-—- 

o Exactly what IS meant xhu. lBhit »*hoWO 

nfSSJri X mr^ i " f^5 *. 

—. 
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dements in a subgroup may be expected to resemble the elements in the main 
family of the same group? 

5 . On the basis of their positions in the periodic table, make predictions regard¬ 
ing the following properties o;t the elements At and Fr: (a) atomic weight, (6) 
c leimcal activity, (c) physical state, (d) degree of metallic character, (e) chemical 

character <>t the binary hydrogen and oxygen compounds, (/) stability of the 
binary hydrogen and oxygen compounds. 

S' the ' ni " n " ah,,M U,at sulfur forms acids having the formulas H,SO, 

and H,S0 4 , write the formulas for the acids (and for their anhydrides) which one 

might expect to be formed by the elements Se and Te. Write appropriate names 
for each of these compounds. 

7 . Through use of the data given in Table 21, predict the melting temperature 
of the element francium. F w ■ 

8 If the formula for hydrogen chloride is HC 1 , write the formulas and names 
for the chlorides of all of the elements of Group I. 

th * f °™ uL * f ° r ium bromide is MgBr 2 , write the formulas and 

names for the bromides of all of the elements of Group II 

Frora /heir positions in the periodic table, and in consideration of the 
structures of the atoms involved, write formulas and names for an oxide of each 
of the following elements: (a) Si, (6) Cl, (c) Ba, (d) Ga, (e) Kr, (/) Cu 

11. If the electrons in the various shells are subject to the attractive forces of 
‘ P^'t'vely charged nucleus, offer explanations for the following facts- ( a ) In 

tt 1 r p l t'To' “ ,ivity Sit: alio 

increase' in .Lie nmX“ y P ' C ‘ ,emical aotivit * *-"*T 

12. Into what four groups may the elements be divided in term* „f tlw, „ v 

of incomplete or imperfect electron shells ? the nUmber 
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CHAPTER 17 

TYPES OF CHEMICAL REACTIONS 

™ v t the preceding chapters, numerous examples of chemical 
Throughout the precedJ 0 P e of illustrating principles, 

changes have been cited fo P and equations for these 

characteristic types of chemmal b" 'to a “ however, 

reactions have been written, in detail. Before 

only a relatiVeb f ,::;L”f i^vi^ chemical changes, it seems 
attempting any further stu > in wh ich different reactions are 

worth while to inquire into the f h chemical elements 

related one to the othe, valio us types of chemi- 

cal reactions may be correlated to advanta 0 

OXIDATION-REDUCTION REACTIONS 

. 1 • • tlwa terms oxidation and reduction 

In terms of their historica ongi ^ in dustries, and from a 

are related to certain prac * c terms are not entirely satisfactory, 

more modern point o view suggests the element oxygen. 

The term oxidation implies or «£££% reactions of tins type, 
however, oxygen nee no 4 Prm s are somewhat misleading, t iey 
Despite the fact that t in the language of chemistry t at 

thly will'undoubtedly continue to be used indefinitely. 

17.1. Characteristics of 4.8, where the 

The terms oxidation andreduct.o^r ^^ proce88 es are given 

interrelationship and interdepen d h t the student review 

^ ^ ^ the ^ 

thoroughly ~ et - 

chapter. reactions of this type, numerous 

i I„ efforts to find more suitable ^atiottHeednotion reactions are son*- 

respectively. Although so,..- mu t ay 

, • .not with general acceptance. 

none lias met vmn b 
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, U «iit. sulfur in its I """ 1 . 

if.option . 1 , -••> 

t*-' ’• '•> I”"-"’ * hbjher oxidation - ■ I - • "" 

Bl ,Hide inn n,i,U .. *"**"“' 

t "l A 

.^■h m. IB 


S l 


2f 


, , lM1 p n t, •, higher oxidation Mat** 

,»id » *-W be to lb- tod 1 reaction 

presumably theee eject run- .. | tl u atom pnrii- ■''' " 

ST, are actually lost or not. the tawhiu* 

changes that can be. 1V ""^ '„|f, ir dioxid. «d J* ’J* 

Thus, sulfur may ' 1 . f S to SO,»*+. *. 

apnaveut oxidation number (t.r.,v^e 

tial chango i8 represented >} 




— \f — • ^ 

k 7 

* must he grained by another 
„ the sulfur atom loses four eU-t rn.ts. bej* .ho a 

25.. in this > ;, se oxygen. ear, - t-.-tr-o,. 

Group ' l element) m ««£> - , slat . «*W- * 

reduction read ion in 

from 0 to - i qo ^- —+ 20*” 

v „ rilc f„r (a) the oxidation step, and ( 

Thus one nia\ " ll,eiwv 



step 


(n) 

1 ( 6 ) 


c;o __ 4«- 

V — ' 

0o + 


20 * 


(I b) ' »2 f * r . n4 

that the requirement that the 

from vrbicb it M-^JVTS same is ne t. Hence b, —* * 

involved to <** 5 jH f \ complete equation 

and adding, one obtains the h 

(f ) P" + 0? - > u = 

, • i >»•,«!i of sulfur 

• , j 4 - rpnresent the oxidation « ^ 

Suppose further that one »^^ requires the 

u. its highest ^a'u^h ( ^^ be to sulfur 

sulfide ion 1'°^^ J’j, fact the oxidatioy 1 ^ e ^ su lfur 

ttf to- than k For the oxidation of sulfu 
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trioxide, for example, one would write, 


(a) 

(ft) 


,s 4+ — 2e ~—-» S 6+ 
0° + 2e~ -*■ O 2 " 


(<*) 


S 4+ + 0 


0 


S 6 + + 0 2 


but (c) does not represent the initial or final conditions of combination; 
neither does it take into account that the oxygen which reacts is sup¬ 
plied in the form of 0« molecules. Consequently, step (b must be 
multiplied by 2, and the same must be done in step (a) in order I hat the 
number of electrons may remain the same in the two equations, 


(«) 

(ft) 

(<0 


2S 4+ — 4e 
0? + 4e 


2S 6+ 

20 2 ~ 


2S 4 + —|— Go —* 2S 6+ + 20 2 - 


Step ( c ) now needs to be modified further to show that the S 4+ was used 
in the form of S0 2 , and that the product S 64 ~ is in the form of SOj, 


hence, 


id) 


2S0 2 + 0 2 -» 2S0 


These are, to be sure, relatively simple cases in which the equations 
couid easily be written by inspection. The purpose of these examples 
is simply to illustrate a systematic method whereby one may write 
equations for much more complicated reactions and at the same time 

represent the essential steps in the processes of loss and gain of electrons. 

Attention is also called to the fact that the numbers (“oxidation 

numbers ’) written to show the oxidation states (apparent valences) of 

the essential reactants and products are included in all cases except 

that in which the oxidation number is one. This practice is continued 

in the following pages, and the oxidation reaction is written first in all 
cases. 

Till; ihese ideas as a background, it is now possible to review 
profitably some of the reactions studied previously, to attempt to gain 
a better insight into the fundamental changes involved, and to show 
*hy they must be classified as oxidation reduction reactions. 

1*.3. Reactions Involving Direct Union of Elements 

Several reactions of this type have already been discussed, particu- 

- v in connection with the study of oxygen (Sec. 5.9). As an addi- 

on.d example consider the formation of bismuth bromide by the 
direct union of bismuth and bromine. " 1 


2Bi + 3Br 


2BiBr 










244 , tA i v *u e over-all change involved and 

This equation “if by no other mean, How- 

can be balanced readily by Wml ^ occurs during the umon ol 

z&xsztt - - r— as 
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(a) — o • • i 

. , n in the bromine molecule is capable of gaining 

Each bromine atom i represented as 

electron; hence the reduction mgM if 


Bi - 


Bi 3+ 


However, it is readily^n * 

and multiplying M * h 


Br 2 + 2 e 


2Br 


(a) 

(fa) 


2Bi - 6e 

3Br2 4" 


2 Bi 3+ 
6 Br 


\dding Eqs. (a) an< ^ ^)> l3 . Rl . 

mm - 2Bi + SBr, - 

' ., reduction reactions may be 

This method ^ d ‘ re 

n.4. Displacement Reactions ^ above the equations for 

In a manner comparable Wtha^ ^. o|i ^ the displacemen^ ^ 

reactions previous y °* d bases (Sec. 9.1) ma ^ '‘ displace- 

y Val oxidation-reduction chang ,mated similarly- 

typical oxiu than hydroge 


St-riH= srtfst— 

Displacement o . 

zi nc and sulfuric acid. 



zinc is oxi 


rj . IT SO 4 — » ZnS 04 + 

Z 11 + wr itten m 

and hydrogen is rcau , 


(a) 

(b) 
(0 


Zn - 2c 

2 H + + 2 c 


Zn 2+ 

H 


5to + 2»" - z ,|!+ + H ‘ 
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la order to show (in addition to the essential oxidation and reduction 
steps) the origin of the hydrogen ions reduced in step (/>) and the ulti¬ 
mate late ol i lie Zn 2+ , it is necessary to write a fourth equation. 


0 d) 


Zn + H 2 S0 4 -* ZnS0 4 + H 


Displacement ol Hydrogen from Water. The oxidation of 

magnesium and the reduction of hydrogen ions in the reaction between 
magnesium and water, 


Mg + 2H»0 Mg (OH) o + H 2 

may be represented as an oxidation-reduction reaction as follows: 

(a) Mg — 2e~ —* Mg 2+ 

(b) _ 2H+ + 2e~ -+ H 2 

fc) Mg -f- 2H+ Mg 2+ + H 2 
(rf) Mg + 2H0H -+ Mg(OH) 2 + H 2 

In this reaction, hydrogen is the oxidizing agent and magnesium is the 
reducing agent. 

Displacement of Hydrogen from liases. When represented as 

an oxidation-reduction reaction, the interaction of aluminum and 
sodium hydroxide, 

2A1 + 6NaOH—> 2Na 3 A10 3 4 3H 2 

becomes 


(a) 2A1 - 6e~ —► 2A1 3 + 

(b) 6H+ + 6e~ 3H, 

,_ _ Ai 

(c) 2A1 + 6H+ —► 2A1 3+ + 3H 2 

(d) 2AI + 6Na( )H —► 2Na 3 A I0 3 -f 311, 


In the compound Na 3 A10 3 , aluminum has an apparent valence of 3-4- 
ecause each of the more negative oxygen atoms has a valence of 2 - 

> -T j J* and each of the more positive sodium atoms has a 

be 3+^^ L tl 3 X i 1+ i = 3+) ' Accordin 8 1 y» ^ valence of A1 must 

be 3+ since the molecule must be electrically neutra! 

17.5. Decomposition of Compounds 
A very wide variety of reactions involving the decomposition of 

compounds must also be classified as oxidation-reduction changes 
pounds, or elements and compounds. The decomposition of 
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• , n ui.vp. 1 » P bv means of heat (See. 3.3), 

potassium chlorate 

— 2RC1 + 30- 


2IvCl<» 


.. Up illustration Here, the apparent valence of ( 1 1,1 
serves as a suitable illustrat o of cl is 1 _. Hence, in this 

^tioa. chlonne ^ (option .sber - 0) 

r k ° T V ~ is rt. educing agent and chlorine is the oxidiz- 

Consequently, oxygen in 
ing agent. 


(а) 

( б ) 



60 2_ - 
2Cl 5+ + l2e 


2C1 5+ + 60 

9 



30 

2CV_ 

2CF+ 30 
2KC1 + 30 2 



Extent of Oxidation and 


(c) 

(d) 

17.6. Factors That Influenc 

Reduction of oxidation may 

If it is true that an eleme, ’ t " f^s and thus pass into successively 
either gain or lose one or tUere arises the question of nhat 

lower or higher states of on au d reduction, and of the 

factors influence the extent oyer such reactions. If, U P°' 

means whereby one may exerci a reducing agent, tw Q or 

bringing together an oxidizing minant reaction is that winch 

more reactions are possible, the pred^ ex p eri mental eondi- 

proceeds at the greates ra relative rates of compe 

lions employed. reactions are subject lo 

influence by the same factors that concenlndio.., and 

chemical reactions in g ’ , 0 [ oxidation and redu 

catalysis. . inherent characteristic illustrated 

governed large * ^Accrued. This fact may be illustrate 

to m W * t:; 

Suppose that a metal M is tob ^ faH.SO. sidbir to 

concentrated „f 6+. and Ms reclamed ^ 

an apparen to ss+i s*+, S‘ + , 8 j | 1 E (or that "huh 

possible lower °»“reof products is.realized),»-Mema^ #f 

predominates, l reducing agent, r .i... reduction 

reducing agents-*^^ ngUl " of reducing agents is 
reaction, the effectiveness or 
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'l' p<‘Ddeat ujhiii tlu-ir inh>-ivnt tendencies tow aid los> of **leetro®s. As 

is "how a in ( hap. 21. and more specifically in Table 21. these tendencies 
!:■•«> I** • xpr* ">e*J in ■ |imnt it a 1 ive terms, and these data serve as a basis 
for predi- tloiM relative not only to the occurrence of oxidation-reduc¬ 
tion reaet i< «ns but also to tin extent to w hic h such pr< icesses occur. If, 
for example-, metal M has a greet tendency toward loss of electrons, it 

would 1*- exj . a-d that v ' would be reduced to a relatively low oxida- 

% 

lioii ^tat*\ peril t|*^ to «*1+*ii 1 1;«I sulfur ur t<i sulfide ion. Less extensiv e 
reduction would be anticipat'd if one >hould use a metal having a 
relatively leaser tend**ih v toward loss of electrons. Information of the 
t \ a^>4-milled in Table 2 l permits <me to select oxidizing and reducing 
agents in accordance with the reaction products desired. 


!<•*. Some (lonirnon Oxidation-Rednction Krarti 


V t\p«‘ oi i>\idalion-redm tion reaction c ommonly encountered is 
ti vvInch occurs when a metal is divstilved in an oxidizing acid such 
M nitric i* id. \N hen. fur example, copjier is dissolved in cone?titrated 
ltfie at id. tie \ m HNOi it reduced only to \ 4 ^. ow ing t<^tilt* fact 
that loppc? is a very weak reducing agent (set? Table 24). 
qionding equations are 



A g I 


irre- 


u 

h 


2» 


<u - 

2N M 4 - " 


./ 


<:u r 2V+ 

< In - ijI \< K 


r.u ! + 

2\«- 

(u Ir -f- 2N 44 - 
( .u(NOi)i 4- 




7 4” 211j< I 


It should 1 m- not.•<! that ih.* numlx-r of mol.-s of II \< > im luded in strp 

/) U 4 IWther than th> 2 moles implied by step (b). This is necessary 

iMs-aus.- two nitrate ions are required for combination with the < ir* 
toil formed in st«*p (a). ■ jl A ■ ji ■ £ , > ] .» * • pi [§>5 g 3 ' 

If. on the other hand on*- should use l«*ad as the reducing agent, its 
gr* »t< r • th « tiv< n»-"- an ele. iron donor permits reduction of \*+ in 

-i 11 N<) » to or in other words, reduction of HNO, to 


(«) 

l*b - 2e~ — 

Pb*+ 

(6) j 

- «< \ * ■ -h 2e"~_► 

V- 

i g* It 

1 *b 4h ? »* —♦ 

Pb*-~+ 

\d\ \ 

Ph + 311 VO* — 

PbfXO 


" ■ * ■ 



» ■■ 


•h + KNOj 4- I |,o 




ngef 


7+\ I f< r*t k m111 v I n r ** 1 »^ «* 
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... with tin; followim 


equations *. 


(a) 

( b) 

(c) 

(d) 


3Zn — be 

2N &+ + be- 

3Zn + 8HN ( >3 


3Zn 2+ 

2N 2 +_ 

3Zn 9+ + 2N a+ ' 

3Zn(jN03.)2 4 2 


NO 4 4H 2 0 


• • i- « V in the periodic table, its ultimate reduc- 

Since nitrogen is in Group \ J?,, As s h own above, however, 

tion to N 3 - (asin NH 3 ) should e p - ^ (s ,,, Ta ble 24) in reac- 
use of the relatively strong re uci « reduction to only the 2+ 

tion with rruWiuCi ^on states may be accomplished 
state. Reduction to 8 ™ *' y nitric acid, since the ease of 

reduction of N- U, HNO. "LTher rf^ ^ * 

of the acid. This brings up sti _^ th( , three preceding seta 


Si5+ in HNOs increases with decrease . 
reduction ut xv another complication, wmen ieaua 

of the acid. This brings up sti jJ the three preceding set- 

the conclusion that the situa 10 P_T For example, if on* 

of equations is not so simp . ? acid t he concentration id the 

adds sohd zinc to concentrated Consequ ently, although ISO 

acid decreases as the teact.on proe^ ^ other prod ucts repre¬ 
may be the predominant pro anticipated depending upon 

senting lower oxidation states are 

the specific conditions employed. jn the course o 

Many oxidation-reduction chan es,imitative analysis. A typical 

laboratory work in by means of stannous 

case is that of the redo. Uon of ™ercu ^ ^ ^ adds er c„r.c 

chloride. If to a rolut.onthougl i|lsl , lub , c . mercurous chlonde 

chloride, the latter is reduced to wn 

Sn 2+ is present. 


(a 

(l>) 

(c) | 

(d) 


Sn 2+ - 2e 

2Hg 8+ 4 2e 

Sn 2+ 4- 2llg* + 
SnClx 4 2 HgCl 2 



Sn 4+ 4 2Hg + 
SnCU 4 Ijtfl 2 


V U ) ~- i 

j II I; i I r II i ' f k tin should be anticipated 

^e 4+ oxidation state Vr table ) Further reac- 

since this clement is u G^ouplV n q( the white nun 

tion with stannous chlonde results ^ ^.a iadlcau 

, equatiou « the ^^^^.1 f^»- ^ 

that it is »f't' tX ,-rtUriy .'-be insolubility. 

but only when it * dewiw f 
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chloride to black elemental mercury. 


(а) Sn 2+ — 2e~ —» Sn 4+ 

(б) _ 2Hg+ + 2er -> 2Hg _ 

(c) Sn 2+ 2Hg + —■> Sn 4+ + 2Hg 

(rf) SnCl 2 + HgoCl 2 SnCl 4 + 2Hg 


and this sequence of changes is so characteristic that it may be used for 
the identification of either tin or mercury. 

Although stannous chloride is most commonly used as a reducing 
agent, it should be kept in mind that, in the presence of a still stronger 
reducing agent, stannous chloride would act as an oxidizing agent ancl 
could be reduced to elemental tin. 

OtixT oxidation-reduction reactions that have been found useful in 
chemical analysis include the oxidation of ferrous sulfate by potassium 
dichromate in the presence of sulfuric acid, 


(a) 

(b) 


2Cr 6+ + 6c 


6Fe 3+ 

2Cr 3+ 


(c) 

(d) 


6Fe 2+ + 2Cr a+ 

6FeS0 4 + K 2 Cr 2 0 7 + 7H 2 S0 4 


6Fe 3+ + 2' !r 3+ 

31e 2 (S0 4 ) 3 -|- Cr 2 (S0 4 ) 3 

+ K 2 S0 4 + 7HoO 


the oxidat ion of hydrogen sullide by means of potassium permanganate, 
also in the presence of sulfuric acid. 


(a) 

(b) 


5S 2- - 10c 
7+ + 10c 



» 5S 

* 2Mn 2+ 


5S 2 ~ + 2Mn 7+ 58 + 2 

5H 2 S + 2KMn0 4 + 3H 2 S0 4 —► 5S -4- \ 



n 


2+ 


(c) 

id) -+- z hj\in( ) 4 + 3li 2 S(J 4 5S + 2MnS0 4 + lv 2 S0 4 

+ 8H 2 0 

and the oxidation of manganous nitrate to permanganic acid by the use 

oi sodium bismuthate as the-oxidizing agent, in the presence of nitric 
acid. 


(а) 

( б ) 

(<•) 

(d) 


2M n 2+ - 10e- 

5Bi 5 + + 10c- 


2Mn 7+ 

5Bi 3+ 


2Mn 2 + + 5Bi 6+ 
2Mn(N0 3 ) 2 + 5NaBiO s -j- 16HNCh 


2Mn 7+ -f 5Bi 2 + 
2HMn0 4 -j- 5Bi(N0 3 ) 3 
+ 5NaNO, + 7H«0 
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Quite apart from oxidation-reduction reactions that involve changes 
in oxidation numbers is a class of reactions that may be represen e } 

the general equation, 


A+B- + C+D 


A+D- + C+B 


wherein no change in valence occurs and the reaction takes place by a 
nroc^ssVmounting to “ double displacement” Such chenncal changes 

ace usually called £*&%£ the" disown of 

^striated to those which occur to 
dilute solutions at or near room temperature. 

It 7[8. Neutralization 

• 1 .a Koaf>« are tvpical metathetical react ions, 
Reactions between acids and bases ar yp 

las may be seen from the comparison, 

A + B~ + C + D~ —* AD + C + B 


H + Cl" + Na + (OH) 


H(OH) + Na+< 'I 


K a dilute solution £ (OH 

added to a dilute so u ion , molecules of the slightly ionized 

solution), the ensuing reaction pi un i 0 u of H+ and (OH) - ions, 

weak electrolyte H 2 0, by virtue of the union 
thus, 


H + + (OH) 


H.O 


The Na + and Cf ions, which 

base were mixed, are also prcw n a - Ja(( N(l+ c f- is naj actually 

of H,0) has gone to c ""’^ n '“. orrespo „di„g to this salt are present 

to the solution, and, of course. change involved 

by evaporation of the so v <® • . • tbe formation of water, 

to this metathetical " X ls between acids and bases m 

„nd this feature is common to all reactions 

aqueous sol III mil. • t>pe are 

tu addition to the US* of Uh- &muT 

■ I -d to as double decomposition reacuo , me tathetical «> 

,*rtwr rttBton*. etc h,u« the '• , „t the othem 

Ms,, lacsm.nl, tM» term « per Imps » more su. 
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17.9. Reactions between Sa ts and Acids 


The meiathef ical interaction of salts and acids may be illustrated by 
the following equation: 


Ag+(NO s )- + H+Cl- -> Ag+Cl- + IL+(N0 3 )- 


ln this reaction, Ag + and Cl - ions combine to form insoluble silver 
chloride without any actual change being experienced by the 11 + and 

(N0 3 )- ions, 

Ag+ + Cl- -> Ag+Cl~ 

The insoluble silver chloride may be removed by filtration, and the 
resulting clear solution would exhibit all the properties of a dilute solu¬ 
tion of nitric acid. 


17.10. Reactions between Salts and Bases 

The reaction between ammonium chloride and barium hydroxide 
serves as an example of i his rat her common and useful type of reaction, 

2(NH 4 )+C1- + Ba++(OH)r-> 2 (NH 4 )(OH) + Ba++Clj 

The essential reaction in this case is the formation of the weak elec¬ 
trolyte NH 4 OH, 

(NH 4 )+ + (OH)-—> (NH 4 )(OH) 

Barium and chloride ions are present as such both before and after 
the occurrence of the above reaction. 

11 ammonium sulfate were to be used in place of ammonium chloride, 

(NH 4 )+ sor + Ba++(OH)r-^ 2(NH 4 )(OH) + Ba++(SQ 4 )° 

all the ions concerned would be invol ved since 

(NH 4 )+ + (OH)- NH 4 OH 

and 

Ba++ + (S0 4 )= -» Ba++(SQ 4 )° 

I lias one pair of ions unites to form a weak electrolyte, and the other 
pair actually combines to form an insoluble solid. Accordingly, it 
must be recognized that either one or more pairs of ions must combine 
during the occurrence of a metathetical reaction. 

17.11. Reactions between Salts 

This type of metathetical reaction may be illustrated by the inter¬ 
action of silver nitrate and sodium chloride. 

Ag+(N0 3 )- + Na+Cl- -» Ag+Cl- + Na+(N 0 3 )~ 
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i„ „|, ic )i the essential chsnge is the formation «f i,.«.lublo silver 
chloride. 


Ag + + Cl 


Ag + Cl 


By comparison with the reaction W.™ * 

2SA-KSL2U;tr 

reason, *. M - 

Another example of this type 01 react* 


Pb(C 2 H 3 0 2 ) 2 + 2K + (N0j) 


and potassium acetate, 

Pb++ (N 0 3 )I + 2K+(C 2 H 3 0 2 ) 

i P tlif* union of lead and acetate ions 

a reaction that occurs ionize d we ak electrolyte lead acetate, 
to form molecules ol the sii 0 n > 

T 1 A in the Occurrence of Metathetica 

Il7.12. Factors Involve! 

Reactions t ] iat a metathetical 

The preceding examples “* of one or more pairs of ions 

is decreased as a result of f not on l y to recognize 

insoluble substance. It >s a o but also to be able to «*»- 

that certain metathetical rea proceed to completion. The 

mate the extent to which such r P predicting whet c-r 

S-iS'is. -~ ■*■** * 

proceed to completion. , lon between mercuric nitrate and 

Consider, for example, the rea. t.o 


sodium cyanide, 


tr -M-flVOAo" -4~ 2N a + (G A 1 

2 • ill occur because the concent ra- 

One would predict that this 1» decreased owing to Hie 

Hg(CN), is a very weak elec rol> ^ fomi of mo lecules of mercur. 

cyanide and the reaction ^between copper 
Similarly, one would p edict 
nit rate and phosp horic acid, 


Hg(CN ) 2 + 2Na + (N0 3 ) 


3Cu ++ (N0 3 ) 2 


~ ++ . PO V- + 6H + (N0 3 ) 

+ 2H,(P04)-*S^S2s2fc.T 

m m 


would not onlv occur but wol 


ild also go to completion oiling t»i the fact 









iuMiiubie and it- formation results 

. jy -. v ' 

in th** «oiuvrfitrution «.4 cojmer and phosphate iou> in the 




»ti the other hand. .onsider tin •<|natioi. for .1 propos'd reaction 



* 


tui .nnmoniuiii clth*u<h . 









• : 








Br ++ Ct + 2 (NH« ( 11 t > 















, 4- 2(\»t,r 

ll rtM\ t«r* n th.i( thi- D ddiini th**' not «xvur simv neither a wean 
* itjtr in -ah't.tin e in formal. Iliwe, tht 1 total ion 

f 'tiiCttntr ition is t hangfd 
tlo salt*. 

V tin* problem 

1 *.t tioii **ruir- ir|\ol\t> t tie .d'llit. to rn ol'iuk* ».a) wen I* elrctfolvuit 
v» «J h rtwhibh- 'i-’b'l.u < s ■ In>onii*fllion relative to common aoids, 

Mr* -1 iv w <,k «I t rot \ 1 1 ^ has already been 

(N < . I l-fi and p nt r «<i nil* h r* lifting to solubility reiiii- 

tMaialii|Hi an* outlined in the following: section. Onee tlit* hu t tli.it a 
mHUit ttrtic^l reat i Mfii *>> ur> ha- |h<*!| established, it mint Im» rerojj- 
i |,; d that th* * \tertl to w hieli it pr<io*^|s tow urd cvunpletion i> < e| en<l~ 

.11 .i)*• *ti pio } .Ttiescf tin- od^t mo- whoa, formation is responiiible 
(«*f the «•» < mwe( e i#f the iva< tion. It a uirtdtlidii at reart ion ornirs 










-__ of the f«>rmu!t>n «if a w«*k fchfc t roUte. th* weaker the e|e< tro- 

l$t#t fte i nK» nt*arl> the rvit<$ftofi |ir«* ads to t* hi ipietion. Simihirly. 


if th* *rm*tioti of an inaoluhte iiihiti iiflitMB l l i^^ more insolu- 

tile mj beta HOC. tfef ITT’ d> r the extent of n.M« lion. ) jeuri , if is run- 

HP 4 OfHpietlCHI of III* t if helical I t lofts is <iejM-f i< |«’t) I llfMllt 

e* til 'Oi ^ o( «atk -**U% I roly te or iftholuble-prfMlui t formation in 

tspin^witr 1 1 1 *t h ast on. nair of ionite 


isfialy tt**t t^i** following verier, t It/ 







* it h ros|M*et to M>lu- 


r* • 


Ok* sI'MInMI tfhould 

a||»ftpe«giiurd «t the Otttart ihnt my effort to cftMMfv auIutM 
tu to «hn h th,> di^dve in * ..l^h % 

t.«. i.ttwdnl (mi,,, to ^ ia. \ .r Mt ion- in 

ere to draw a 

Mtinrc i *h». It , ( r. to 1 *- KHiKiiji fnl 












•ervie as a pra« tirai 
••II a# for rrrbciiil other pnr- 
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poses. The generalizations given relate only to solubility m water »\ 

room temperature. execution oi silicic 

|f|^ds. All common acids are soluble with the exception o 

acid [H,(SiO,)l and arsenious acid IHCAsth)]. u of the 

Bases. All common bases are insoluble with the excepno 

following: 

\mmoniuin hydroxide (NH(OIl) 

sH hydroxide (NaOH) - luble 

Potassium hydroxide (KOH ) 

Calcium hydroxide [Ca(OH)il . ,. 

Strontium hydroxide [Sr (OH) »l} sparingly soluble 

Barium hydroxide [Ba(OH)il 

A- „„ notassium and ammonium salts are 
Salts. AH common sodium, potassium, 

extensively soluble. gUver fluoride (AgF), silver 

All silver salts are msolu , P r\ <y rfio*ll. Silver acetate 

;f7r e H 0 S rand’silver sulfate [Ag 2 (S0 4 )l are only 
1 Morales acetates, and chlorates are extens.vely soluble except 

silver acetate (see above). lead su lfate [Pb(S0 4 )l, stron- 

All normal sulfates are so u . rRatS0 4 )l which are insolu- 

tium sulfate [Sr(SO 4 )], fS0 n and silver sulfate [Agi(S0 4 )l, 

ble and mercurous sulfate [Hg s (bO,)l ana 

which are only sparingly sohMt- teUlHt except silver chlor- 

All chlorides are moderately to extern (PbCU) is 

ide (AgCl) and mercurous chloride (H g! Cl,). 

only slightly soluble. silicates, and phosphates 

and -rr*- 

;c if — r «•: • 


encounxereu. u F.XERC1 

bKiISMW 1 " .4 f-A reducing 

<• 11 • t (‘rms ’ (a) oxidation, (*>) oxidizmg agen , 

1 Before the following tt rms. 

;r,. 

4. What is II" a'"* 1 , " , l" , r*en t distiuc 

ami mi’Inthetical reaclaawi a.idation-i-eduction equatiaiia 

, , Inl.ss otherwise ^icaha. h, * 11Ktlw4 autliaed ia this chapter. 

• a ... th*>se exorcwns art- to h« wr,ueu J 
required m 
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5 . < H the two states of oxidation indicated in each ol the following cases, which 
on© represents the higher state of oxidation (i.e , 9 the more highly oxidized form)? 
(a) S° or S' (b) Cu° or Cu 2+ , (c) t 2 or 1 " (rf) Pb 4+ or Pb, (e) Pb 2+ or Pb 4+ , (/) H 2 


or H + . 

6. If eac h of the following compounds was to be oxidized by means of a suitable 
oxidizing agent, (a) which element would most likely lose electrons, and ( b ) what 
would be the final state of oxidation of that element? (1) Cu 2 Cl 2 , (2) IvBr, (3) 
PhO, (4) Na 2 S, (5) As 2 0 8 , (6) ZnCl 2 . 

i. Essentially what is implied when one states that two reducing agents are of 
different strengths? 

8. Write equations for the following oxidation-reduction reactions: 

( a ) The dire* t union of (L) lead and sulfur, (2) magnesium and oxygen, (3) sul¬ 
fur dioxide and oxygen, ( 4 ) carbon and sulfur, ( 5 ) hydrogen and oxygen. 

(b) The decomposition (by application of heat) of 1) potassium nitrate, (2) 
mercuric oxide, (3 ) lead dioxide, ( 4 ) manganese dioxide. 


0 )^ The displacement of hydrogen by the interaction of (1) zinc and hydro¬ 
chloric acid, (2) magnesium and acetic acid, (3) lead and sulfuric acid, (4) calcium 
and phosphoric acid, ( 5 ) sodium and water, (6) iron and steam. 

(rf) The displacement reaction between zinc metal and copper sulfate solution. 
(e) The production of elemental metals by the reactions between (1) copper 
oxide and hydrogen, (2) ferric oxide and hydrogen, (3) ferric oxide and carbon 
monoxide, ( 4 j lead monoxide and carbon monoxide. 

9 . Wln-ii sodium iodide is added to an excess of concentrated sulfuric acid. 

elemental iodine and hydrogen sulfide gas are produced. Write the equation for 
this reaction. 


10. Gaseous sulfur dioxide is liberated by the interaction of ferrous sulfate 

t 1 M rf 'IF hi f W’* JT\ f / V . 111 m m h. _ _I 'll l ■ I HI 4 a 




concentrated sulfuric acid. Write the corresponding equation. 

11 . On the assumption that all of the combined sulfur involved is changed to 

elemental sulfur, write the equation for the reaction between H.S and concen¬ 
trated H 2 S0 4 . 


12. The reduction of iodine by sodium thiosulfate (Na 2 S 2 0 3 ) results in the forma¬ 
tion of sodium tetrathionate (Na 2 S 4 0 6 ). Write the equation for this reaction. 

13 . If copper sulfide is treated with warm dilute nitric acid, the CuS is dissolved 
and S" and gaseous NO are produced. Write equations to represent these changes. 

. VV nt ® f n equation showing the formation of sodium thiosulfate by the inter¬ 
action of sodium sulfite solution and elemental sulfur. 

l i. Write equations for the following indicated oxidation-reduction reactions: 


(a) NH, + 0 2 —► NO + 

(b) MnO* + A1 —» A1 2 0 3 -f- Mn 

(c) H 2 0 2 —1 H 2 0 + O* 

(d) Fed, + H 2 S -1 FeCl 2 + S + 

(e) Cu + Hg a (NO,) s —i Cu(N 0 3 ) 2 + Hg 
< — IfN* >3 —> CO, -)- NO. + H 2 0 

(a) 1 r 2 o 2 + HjS0 4 -» h 2 s 2 o 8 + h 2 0 

(h) NaBr + NaBrO + H2S0 4 —* Br 2 + 

(*7 Ca(C10» 2 —* Ca(C 10 3 ) 2 + CaCl 2 " 

(j) I 2 + H 2 S 03 + H 2 0 -* HI + II^S 0 4 

ik) SnCl 2 + K 2 Cr 2 0 7 -|- HC1 -» SnCl 4 + CrCl 3 + 

(l) A1 + NaN 0 3 + NaOH + H 2 0 —*■ NaA 10 2 + NH 3 
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16. What is necessary for the occurrence of ametathetical , . 

17 . If a metathetical reaction occurs, what determines k i\ <n • 

^l^FOTtlie^following pairs of similar metathetical reactions, indicate m cio-h case 
wtoh p^dl most ally to completion and cite reason* for the answers 

(а) Sodium sulfate + silver nitrate 

(б) Sodium sulfate + lead nitrate 

(а) Potassium sulfide + sulfuric acid 

(б) Potassium cyanide + sulfuric acid 

(a) Hydrochloric acid + barium hydroxide 

(b) Sulfuric acid + barium hydroxide 

• c ,i . fr,111iwinre indicated metathetical reactions. Tn 
eaS^mTZlg" ectrolytes, ai,"insoluble substances, predict whether the 
reaction will occur, and state the basis for each prediction. 

(а) Lead nitrate + hydrochloric acid 

(б) Strontium chloride + ammonium acetate 
(O Copper sulfate + sodium phosphate 

(d) Mercuric nitrate + sodium cyanide 
[I II | c ) Zinc cliloride + potassium sulfate 

( f) Phosphoric acid + aluminum hydroxide 
(a) Nickel nitrate + sodium iodide 
(h) Ferric chloride + potassium thiocyanate 
(0 Ammonium sulfate + sodium hydroxide 
(/) Lead chloride + sodium acetate 
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CHAPTER 18 

COLLOIDS 


Emphasis 1ms already been placed upon the properties of matter in 
each of the t iree physical states and in solutions. There remain to be 
considered the characteristics of solids, liquids, and gases in a state of 
existence known as the colloidal condition or colloidal slate. The var¬ 
ious combinations of solids and liquids, liquids and liquids, liquids and 
gases, etc., in the colloidal condition are called colloids and exhibit cer¬ 
tain similarities to true solutions. On the oilier hand, colloids and 
solutions differ in many important respects. 

18.1. Nature of Colloids 

■ 

The term colloid is derived from the Greek word kolla which means 
glue, a term rather generally suggestive of the character of many I hut 
not all) colloids. The term colloid is applied to many intimate mix¬ 
tures of two or more substances which are usually very finely divided 
and mutually insoluble. Perhaps the best means of gaining some idea 
as to the over-all nature of those materials commonly classified as 
colloids is to cite some familiar examples. Such common materials as 
milk, ink, egg white, gelatin, glue, soap, “milk of magnesia,” and many 
foodstuffs, medicinals, etc., are colloidal in character. Processes such 
as the treatment <>l municipal water supplies, sewage disposal, prepara¬ 
tion of soils for road building, drilling of oil wells, manufacture of clay 
products, and smoke abatement, either involve the use of colloid 
materials or are dependent upon a knowledge ol the properties of 
matter as it exists in the colloidal condition. 

Distinction between Colloids and Solutions. From the recog¬ 
nition that confusion is likely to result from certain similarities bet ween 
colloids and solutions, it seems necessary to draw a clear distinction 
between the two before proceeding with any detailed study of colloids. 

It may be recalled that a true solution consists of a solvent in which 
is dissolved a solute in the form of units which usually are not larger 
than single molecules. Frequently when two true solutions are mixed 
these molecules react to form an insoluble solid, the molecules of which 
collect to form particles large enough to settle to the bottom of the 
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<»r, as indicated above, an area one million times as great as that of tin* 
original cube and about one-seventh the area of a football field. 

Although the dimensions of colloidal particles could be expressed in 
centimeters or millimeters, there has been adopted another unit, the 
millimicron, more suited to the expression of small lengths. The mil¬ 
limicron is represented by the symbol mg, and is equal to one one- 
millionth of a millimeter (t.e., 10 -6 mm.). 

The largest known molecules have diameters of approximately 1 
mg; hence, any particle having a diameter of 1 mg, or less, would exist 
in water (or other solvent ) in true solution. Particles having diam¬ 
eters within the range of I. to 100 mg are, in general, considered to be of 
colloidal size. Particles of diameter greater than 100 mg would, in 
general, be too large to remain suspended in (he colloidal corn! tion. 
Incidentally, particles having diameters of nbout 150 mg represent the 
smallest objects that can be seen by means of an ordinary microscope. 

I he loregoing relationships may be clarified by the accompanying 
chart. 

Dimensions op Particles of Matter 

1 ni fx 100 ui[i 

Approximate diameter) «—-— j -> 

1 Molecules ! 

Atoms | Colloidal j Larger than colloidal 

Ions ; 


Mode of existence in 
presence of a solvent 


J in true solution j 1“ colloidal suspen- j 
) ; sion ! 


Settle under influ¬ 
ence of gravity 


Types of Colloids. From the preceding discussion, it becomes 
rather apparent that a colloidal system must consist of a mixture of at 
least two materials. By analogy with the various possible varieties 
of true solutions, it would appear that nine combinations might be 
possible. However, since mixtures of gases are always homogeneous 
and mutually soluble, colloidal systems consisting of gases in gases are 

not possible. Of the eight remaining theoretically possible colloidal 
systems several are relatively uncommon. 

In the language of the chemistry of colloids, the particles (solid, 
liquid, or gas) and the medium (solid, liquid, or gas) in w hich the par¬ 
ticles exist in the colloidal condition are known as phases. The col¬ 
loidal particles are referred to as being the dispersed phase, and the 
medium in which they are dispersed is called the dispersion medium. 

In terms of these tw o components, the most common types of colloidal 
systems are listed in Table 23 on page 260. 

Before leavmg the subject of the general nat ure of colloidal materials, 
it should be understood clearly that the existence of matter in the 
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colloidal condition is largely independent of the kind of matter involved. 
For example, many chemical substances that exist in water m the form 
of true solution* under one set of experimental conditions may, under 
another set of conditions or in another liquid, exist in the ''ollo.dal 
condition. The properties of matter in the colloidal state are krgd y 
dependent upon the state of subdivision of the colloidally dispersed 

materials. 

TABLE 23 

Common Types of Colloidal Systems_ 


I lispersed phase 


Dispersion 

medium 


1 \a niple 


Solid ■ • • • 
Solid... - 
Liquid. . 
Liquid. . 
Gas . . 



Gas 

Gas 

Liquid 

Liquid 


Colloidal gold in water 
Smoke (panicles of carbon in air) 
Fog (water droplets in air) 
Emulsions (such as oil in water) 

Foams 



18.2. Preparation of Colloids 

The available methods whereby colloids may be P™ 1 "' "' 1 
already been suggested (Sec. 18.1) and may be classiBed bro. 

condensation methods and ™ e ( }” ® erm itse if. condensation 

Condensation. As molecule, and bringing them 

methods involve star mg narticles having diameters 

together in suiBcietd number to ^r^of th/apphoation 
within the range ot 1 to JAW mg. f f ist by the rapid 

expansion of moist air. Upon bemg ««led by ■j 1 ^ B > 

striking an electric arc between metal «‘ 1 «'™ des and the vapors 
other suitable liquid, the meta >s xwponze ^ range of the 

condense to Le a d. si | V er, copper, platinum, gold. 

dimensions of colloidal partic .. _ eseS u&f bv this procedure. 

and other metals have been disper »■ ly subdivided condition 

that the colloidal particles » * more than 1 cm. over a 

attraction) only through a distance o 

Pe Tht 0 proc, £Zi»U**e up colloidal 

J m , or ions is perhaps -moos sul- 

between electrolytes m t r. ie solutions. 
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, ln one sense the production of colloidal metals by the use of an 

electric arc may be classified JV m preoC( | r condensation 

< ,f the metal in the form of vapor must necessanh prc cecie 

of these vapors. v pnntuci with a suitable 

t. Some substances are pept.sed me c > *““'ns -duo and gelatin 

dispersion medium. thereupon assume a colloidal 

condition rather than disso ring ^ fresh i y predpitate d sue sul- 
W hen one attempts to ua ( ^ frequently pn|diz.;d 1» 

^I^d ^ colioida,policies pass through the smsB pores u, the 

filter paper. 


18.3. Purification of Colloids a Aversely by the presence 

The stability of a colloid ^“dispersion medium. Conse- 

of molecules or ions dissolved enl i y , i„ order to stabilize a 

colloid, it may become necessary 

to subject it to a purification 
process known as dialysis. 
procedure is carried out by en¬ 
closing the colloidal system m a 
membrane such as parchment 
paper or collodion, and immers¬ 
ing the bag and its contents m 
pure solvent, e.g-, water. 

, , r; (f 7Q The dissolved 

impurities diffuse through 
membrane and may be progres¬ 
sively removed by providingdor 

continuous i 

. 1 I i ..ntv: Ttd — 



Fig. 78. \ simple illustration of the 

process of dialysis. WU uuuo.-_ , r»pr- 

SN a ter. Owing to the fact that either the> ^“^rane is se much 


water. Owing to the * the solule particles diffuse much 

meable only by solute par u * ' particles, an extended dialysis i> 

more rapidly than the larger colonial cation> This method » 

^self 1 largely^ in\he^purification of colloids consisting of solids disperse 


use 
in liquids. 


llvl • 

■ ..f Matter in the Colloidal Condition 

18.4. Properties of Matter ^ co „. 

Two important characU-nsU« ^ « 1 .„i.l the trem-ndous 

ddered. i.r., the dimcns.o..s of colloidal , 
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surface area exposed by a given weight of matter in the colloidal condi¬ 
tion. Several other properties are, in some measure, shared by col¬ 
loids in general, and these properties are useful in identifying and 

characterizing colloids. 

Tyndall Effect. \N hen a strong beam of light is passed through a 
solution, the path of the beam is not visible to the unaided eye. If, 
how war, this beam of light is passed through a colloid, the small col- 


n=0 

Light 

source 




q=Qs 

L/ght 

source 



True solution Colloid 

Fxa. 79. Tyndall effect. The path of a beam of light appears as a Tyndall cone 
in the case of a colloid but not in the case of a true solution. 

loidal particles act as reflectors, and the path of the beam is visible as a 
turbid cone (Fig. 79). Named for the scientist who first observed and 
described it. this phenomenon is known as the Tyndall effect , and the 
\ isihle path of the light is known as a Tyndall cone . The same sort of 
died is commonly observed when a beam from a searchlight passes 
through a fog, mist, or smoke. 

Brownian Movement. If a Tyndall cone is viewed through a 
microscope placed at right angles to the beam 
of light, the motion of the light refected from 
the colloidal particles gives evidence that the 
part icles are in motion (Fig. 80) owing to their 
inherent kinetic energy. Such a device is 
known as an uUramicroscope and enables the 
observer to view the unordered motion of 
colloidal particles which are not much larger 
than some molecules. The unorderly nature 
of the movement of colloidal particles results 
from their collisions with each other, with 
n*o4eculr> of the dispersion medium, or with the walls of the container. 
I his w as first observed in 1827 by the Scotch botanist Robert Brown 
and has since been known as Brownian movement. The French 
mist Jean Perrin found it possible to measure directly the size, 
mass, and velocity of motion of certain colloidal particles. From these 
data, the kinetic enej^glM <>i the jlilrticles were calculated* IVrrin 
h'und that, at any given temperature , the average kinetic energy is the same 



Kig. 80. Illustration of 
Brownian movement. 
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for particle. of icMy Ith 

£J£m£ 2£S£ ^“p-tant factor bearing upon the S .a- 

biuty of coUoidal systems. * p l ac ed in the spare 

Electrical Propert.es. ^ ^ ^ shmvn , n 1 

between two electrodes arranged ; the coUoidal particles 

as =ss* 



Fig. l * 


-J---*. „i v r harced colloidal particles. 

Migration of negatively charged 


. , llnidal hydroxides of the metals 

lire charge. Correspondingly, *' “ that indicates that these 
‘"ove toward the negative magnitude ot the elec- 

Hoidal particles bear aposi lie ., ; s f ar greater than the charges 

trical charges borne migration of these part.c es 

of •■ndixddual **£££$, great site, s, 

sf-sr : rr* some addi- 

s=£?~5»5ss; i SiiS 
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I— ^ tl'lht Colloids and other molecule, 

— ^ : h n e tSXL ; this is the phenomenon of 
atoms, <> l loll!5 
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Adsorption plays an important role in many processes including the 
adsorption of poisonous gases on the charcoal cont ained in gas masks, 
the flotation of ores (Sec. 22.2), the bleaching of cottonseed oil by 

means of fuller s earth, etc. 

Suspensoids. The electrical charge borne by colloidal panicles 
is due to the adsorption of ions from the surrounding medium. As is 
true of adsorption in general, the adsorption of ions by colloidal par¬ 
ticles is highly selective. That is, a given colloidal particle may ad >rb 
positive ions and not negative ions, while with other kinds of colloids, 
the reverse is true. Since colloidal particles of any particular kind all 
adsorb ions of the same charge, these particles tend to prevent c< regula¬ 
tion and hence contribute to the stability <>l colloidal systems. Colloids 
in which the dispersed phase consists of particles that selectively adsorb 
ions from the dispersion medium are known as suspensoids. The vis¬ 
cosity of a suspensoid is usually not greatly different from 1 he viscosity 

of the dispersion medium. 

Emulsoids. In contrast to suspensoids, I here are colloids which 
are less selective with regard to the adsorption of ions and which 
exhibit a marked tendency to adsorb molecules of the dispersion 
medium as well as ions. Such colloids are known as emulsoids. As l lie 


particles continue to adsorb molecules of the dispersion medium, they 
appear to swell, and this swelling process may continue until the entire 
system assumes a semirigid condition such as exists in glues, jellies, etc. 
This swelling process is commonly observed when dried fruits are 
placed in contact with water. In semiarid regions, certain forms of 
plant life retain moisture over long periods of time because they contain 
colloids that are capable of adsorbing water to an unusual extent. 1 n 
any event, the extent of adsorption of the dispersion medium depends 
upon the specific character of the emulsoid, the temperature, and die 
acidity of the environment. It is rather apparent that l he viscosity of 
an emulsoid is usually much greater than that of the dispersion 
medium. 


18.5. Jellies and Gels 

The adsorption of molecules of the dispersion medium by the col¬ 
loidal particles in an emulsoid may continue until mosl of the dispersion 
medium has been adsorbed. As this process continues, the colloid 
becomes increasingly viscous and finally sets to a semirigid mass which 
is commonly described by the tenn jelly. Familiar examples include 
fruit jellies, in which a substance known as pectin yields ihe emulsoid 
particles that adsorb the colored and sweetened water solution serving 


266 


general chemistry 


(Chap. 1 8 


ir 


yi v formation is involved also in tln> 
as the dispersion medium. ■ 

preparation of gelatin deserts. . .. jelly. il.e resulliii^H 

If the tUspersioe medn ^ ses a very porous struct ure 

amorphous solid \ aU , oho |, f or example, is the drapers,on 

medium, a jelly may e “ si0! ) and alumina gel (AUO.) 

cautious application o ea • commonly have a structure 

may be produced in this manner Accordingly, gels 

somewhat like that o a spn snr r aM ^ and are rather commonly used 

purposes. 

18.6. Coagulation of C° U “ ld8 and romm ercially because 

Colloids are produced m erties . On the other hand, it is 

such substances possess rfP ^ ipitates , the objective ■ 
frequently true that in an eff desiied *•„ the form of a precipitate 

not realized because the ma ^ < Consequently, it may 

actually appears in the colloitW■ «£ ^ , ate) colloids as it > 

«ss£T » - r* ” agu,a,e 

than einulsoids. . s;nce the electrical charge borne 

causing coagulation at or * n ^ eutraUza tion of the <*»*““ *, 
suspensoid particles, there is no lrnv ^ upon oollisoB until the 

particle by another, and ■ P al) | e of keeping these ei „ 

Brownian movement ,s no P of the temperature 

particles in the particles, which resu Is •" , 

frequency o » “ e ^ ion of the preep- ^ , nan> times 
process. ^ffiriency. A divalent ^ bun* 

marked bearing P ion , and at- ^ Tlms , in the 

r d trines ",ore effective than a «*£££ ««*>» sulfide, 
t;‘ ul i n of .he negatively charged part, 
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aluminum ion (Al +++ ) would be more effective than calcium ion 
(Qa* H_ ), which in turn would be more effective than sodium ion (Na + ). 

If suspensoids of opposite charge are brought together, coagulation 
usually occurs as the result of mutual neutralization of charges. Thus, 
the mixing of a positively charged ferric hydroxide suspensoid and a 
nef-ativelv charged arsenious sullide suspensoid results in precipitation 

^ V C - 1 

of both. 

Coagulation of Knmlsoids. The stabilit> <*l an emulsoid is due 
to (g) tilt* electric charge borne by I lie emulsoid particles and (b) the 
layers of adsorbed dispersion medium on the surlaee of the emulsoid 
particles. As is true of any colloid, the coagulation of emulsoids may 

be accomplished by elimination of the (actors responsible lor then 
stability. For example, if w ater is the dispersion medium, t he emulsoid 
particles may often be stripped of adsorbed molecules by an elevation 
of temperature (boiling) or b> the addition of a dehydration agent surh 
as alcohol. Once this lias been accomplished, neutralization of the 
electrical charge usually results in complete coagulation. Sometimes, 
heating alone accomplishes coagulation; in other eases the addition of a 
dehydrating agent (without heating) is effective. 

18.7. Emulsions 

When two mutually insoluble liquids, such as kerosene and water, 
are thoroughly shaken together, the resulting mixture consists of tiny 
droplets of the two liquids dispersed throughout each other. Owing 
to the surface-tension forces (Sec. 7.3) that cause liquids to tend to 
present the least possible exposed surface, the small drops of kerosene 
and water will, upon standing, coalesce into larger and larger drops 
until finally the water and kerosene separate into two distinct lasers. 
Some such dispersions, however, are stable, while in other rases the 
addition of a third substance is necessary for stabilization. Such a 
colloidal dispersion of one liquid in aunt her is called an emulsion. 
stabilizing action of the added substance usually depends upon its 
ability to lower the surlaee tension of the liquids concerned. Sub¬ 
stances employed in the stabilization of emulsions are known as 
emulsifying agenls. Occasionally stable emulsions are produced when 
two liquids are mixed because one of the licjiiids contains an impurity 
that acts as an emulsifying agent. 

llppfumerous examples of useful emulsions might i>e cited, 
mayonnaise, certain lubricants, etc., a re familiar examples. Soap is 
rather commonly used as the emulsifying agent in the formation of 
oil-water emulsions* If a sodium soap is employed, the oil is dis- 
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, , , n t ! lp vvater while use of a calcium soap 

persed throa^out «»ej>ody f * itf* dispersed phase and the 

oil is the dispersion of emu g i s iotis. The dirt on the 

interesting example of t . d bv a thin film of grease or oil. 

st^e n emS^S“ 0tto ***** ot and ** Wh °‘ e 

then be rinsed away with water. 


18.8. Applications of <iiscussion . numerous examples 

Of the use of materials in the coHmd^ remain to be 

additional applications oi 

considered. Smoke consists of fine particles of car ^ (, “ 

Smoke Abatement. >- riicnersion medium, the air. T1 

dispersed colloidally m a ^ e ^ gances Tesu lting from smoke produc- 
problem of eliminating smo . lants , particularly where 

tion in chemical and other manuf J P ^ Ame rican chemical 

bituminous coal is used as a u , ottre u process involves passing 

engineer F. G. Cottrell mWU- J^ged plates. The charged col- 
the smoke between two elec plate bear | ng the opposite charge. 

and upon neutralization of the cl . fg ■ e]dst in , h ,. c „»oidal condi- 

tion. This results not only-m f “^ overy ot considerable quan<- 
„f the smoke nuisance but also . j or for oth er purposes- 

ties of carbon, which may e " ^ the m(K ldy waters of a fr “ h_ " “ ' 0 

Formation of Deltas. ( •• ,i ie colloidal matena s 

Stream flow into a body of b; . ,,,„centralion of diasolved 

muddy water are precipitated >rUi y reaches of the Miss®pp 

ectroly.es in the^a water T1 'us ’h ^ by „ coagulaM* 

delta region have been bn wa ,ersof the Gulf of Mexico- Jli f 

ou tl,e nav,s , 

waters m ar Ihe „f colloid . hemislry ¥£*+& 

vimi Processes. * ue su J ... nr _ nf i medicine, since cm 

prot ess®* Jj gennination of seeds. tin g ro " co lloidal materials 

materials- themselves involve com^ I ^ of aU 

structures of t P The protoplasm M^t 

to a predominant extent. 


Sec. 18.8] 


COLLOIDS 


mmiwiJ life is essentially colloidal in character, turtliermore, most 
foodstuffs essential to tlie maintenance of animal life are colloids of one 

kind or another. 

Protective Colloids. In the commercial production of colloidal 
products, stabilization is often accomplished by addition of so-called 
proledive colloids , which are usually emulsoids. Thus, in forming 
mayonnaise salad dressing an emulsion of a salad oil (olive oil, cotton¬ 
seed oil, etc.) in vinegar (a dilute water solution of acetic acid) is 
stabilized by the addition of egg yolk. The smooth texture of good- 
quality ice cream may be produced by adding gelatin, which serves as a 
protective colloid, while gum arabic serves the same purpose in marsh¬ 
mallows. In the manufact ure of india ink, colloidal carbon is stabilized 
by the use of protective colloids consisting of various gums. Certain 
us* ful lubricants consist of colloidal graphite stabilized by tannin, 
a protective colloid which also finds extensive use in the ceramic 
industries. 
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1. What is the essential difference between («) suspensoids and emulsoids, 
( b) emulsoids and emulsions, (c) colloids and (rue solutions, (d) jellies and gels? 

2. lVtine the following terms: (a) dialysis, t b) protective colloid, (c) emulsify¬ 
ing agent, id) ultramicroscope, (e) Tyndall effect, (/) Brownian movement, 
{tf) millimicron, h) di spe r se d phase, (i) dispersion medium, ( j) adsorption. 

3. Make a list of at least 10 natural or artificial materials that are colloidal in 
character. 

4. W ith regard to colloid^, list methods that are useful practically in (a) prepara¬ 
tion, ( b ) purification, (c) stabilization, and id) coagulation, and indicate briefly the 
characteristic features of these methods. 

5. Draw an enlarged diagram of an eniulsoid particle in a manner that will 
serve to explain why the addition of an electrolyte might fail to coagulate such a 
colloid. 

6. To what properties do the various types of colloids owe their stability? 

7. In what respects are colloidal particles and gas molecules similar? 

8. In the study of colloids, why is the property of viscosity of importance? 

9. W hat is meant by the mutual precipitation of colloids? 

10. If a negatise colloid is to be precipitated by the addition of an electrolyte, 
which, of course, furnishes both positive and negative ions, why is it that the addi¬ 
tion of negative ions does not further stabilize the colloid and thus counteract the 
precipitating action oi the positive ions? 

11. If one wished to coagulate a positive colloid by the addition of an electro- 
[>te, what electrolytes would be most effective? 
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CHAPTER 19 

ELECTROLYSIS 


The use of electrical conduc tance as an aid in determining whether 
certain solutes should be classified as electrolytes or nonelectrolytes 
(Sec. 14.2) together with references to the use of electricity in the 
d< i omposition of certain compounds (Sec. 9.6) suggests that electrical 
energy often may be used to advantage in chemistry. In fact, it may 
be stated that both in the laboratory and in the chemical industries, 
electricity is one of the most important tools that the chemist has at 
his command. Following a study of the nature of the chemical 
changes that may be brought about through the agency of electrical 
energy, numerous important commercial applications are considered in 

some detail. 


19.1. Electrolytic Cells 

The process of electrolysis may be defined as the transforma¬ 
tion of chemical substances as the result of passage of the direct 
electric current. In order to bring about such transformations, the 
use of certain more or less highly specialized apparatus is necessary 
or at least convenient. A simple form of electrolytic cell is illustrated 
hy Fig. 82. The cell as a whole consists of a vessel containing a solu¬ 
tion of an electrolyte in which are immersed two electrodes (or poles). 
The electrodes are connected to storage batteries or to a generator 
which serve as sources of the electrical energy needed to bring about the 
desired electrolytic transformation. The electrode through which the 
flow of electrons enters the cell is known as the cathode and is desig¬ 
nated as the negative ( —) electrode. By convention, the other elec¬ 
trode, which is called the anode, may be thought of as that through 
which electrons are withdrawn from the solution, and this electrode is 
designated as positive (+). Throughout the following sections, the 
terms cathode and anode are used to designate the negative and positive 
electrodes, respective l y. 

It must be recognized that Fig. 82 is only a highly simplified repre¬ 
sentation of an electrolytic cell. Actual commercial practice usually 

employs a connected series of such cells constructed in such manner as 
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to meet the needs of each specific operation. Frequently the vessel 
containing the electrolyte is made of metal and serves as one a e 

electrodes! Other modifications are shown in ... with ««.- 

niercial applications of fSectrolysis. 
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Immediate!) upon connecting tin* cell to a source of direct current, 
deposit of gray metallic zinc appears on the surface of the cathode 
and bubbles of chlorine gas appear at the surface of the anode. A 
simple chemical test for chlorine may be made by leading this gas into 
aqueous sodium iodide solution, whereupon the solution assumes a 
yellow color caused by displacement of iodine by chlorine (Sec. 16.4). 
\o<( >rdingly. it is concluded that the products of the electrolysis of zinc 
chloride solution are elemental zinc and elemental chlorine, and the 
ne xt problem is that of explaining by what mechanism these products 

may be produced. 

The solution in the cell contains zinc ions (Zn 2+ ) and chloride ions 
(Cl ). The chloride ions are attracted to the anode (+ electrode) 
where they give up electrons and form molecules of elemental chlorine. 


At anode: 2C1 


2e- 


Cla 


The battery acts ;is a ' pump'’ and forces these electrons through the 
outside circuit and into the cathode, at the surface of which these 
fleet runs are acquired by the zinc ions in the solution surrounding the 

cathode, i.e., 

/ w 

At cathode: Zn 2+ + 2e ~—» Zn 

Obviously, these reactions involve loss and gain of electrons and there¬ 
fore are to be recognized as oxidation-reduction reactions (Sec. 17.1). 
The sum of the changes that occur in the regions of the anode and 
cathode serves to represent the over-all chemical change that occurs 
in the cell as a whole, i.e.. 


Anode: 2C1~ — 2e 
Cathode: Zn 2+ + 2e 

Cell: Zn 2 +Cl 


> Cl- 

> Zn 


Zn -f Cl 2 


In order to avoid confusion, equations representing electrolysis should 
always be labeled as indicated above. 

V 

19.3. Some Broad Aspects of Electrolysi 


The elect roly sis of aqueous zinc chloride solution serves as a suitable 
basis for the consideration of a number of features common to all 
situations of this general type. These are enumerated in terms of 
suinm.arizing statements followed by some necessary explanatory 
remarks and illustrations. 

3L The occurrence of electrolysis requires the utilization of 
an outside source of electrical energy. The chemical changes that 
occur during electrolysis involve an accompanying transformation of 









